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Temperature 


MODERN DESIGN GIVES YOU ADVANTAGES THAT 
SAVE TIME— TEMPER — TROUBLE. One glance will 
show the many unique improvements which make Foxboro 
Recorders the easiest to use and the greatest dividend 
earners you Ask to one of these 


can employ. see new 


Recorders. 


SIXTEEN IMPROVEMENTS ON PROVED DESIGN give 


you the utmost in accuracy, long life and low mainte- 
nance cost. These improvements are the result of years 
of research and over a quarter of a century of experi 
ence. You can have absolute confidence in Foxboro 


Recording Instruments. 
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Pressure — Flow 


OF VITAL IMPORTANCE TO YOU the 


Foxboro builds a complete line of instruments from \ 


is fact 
you may pick the ones best suited to your need 
gives you the advantages that come from dealing 
engineers who know all sides of your measurement 
control problems. 


IN ADDITION TO THE RIGHT TYPE of instrument 
have the assurance that the working parts will be : 
of the material required by your process condition 
engineers will see that you get the Recorder tha 
give you the best service. 


Write for Complete information—no obligation. 
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40” Slide Wire 
Synchronous Motor 
Heavier, stronger working parts give Brown Potentiometer Pyrometers that built-in endurance required for 
industrial service today or tomorrow. For Indicating, Recording and Controlling temperatures—you can rely 
on their precision—be confident of their dependability. Unit construction assures Ruggedness and Low 
Maintenance. For example: 
THE GALVANOMETER... THE DRIVE MECHANISM... 
Sensitivity and SSCuracy ote combined in the Brown A rugged double ratchet drive is positive in operation 
Galvanometer. The pointer is spring-mounted—elimi- ; 
° , ° P : and requires no adjustments for wear. It converts and 
nating coil rocking and strain on the suspensions when ; ; 
the pointer is clamped. There are no delicate micro- amplifies the galvanometer deflections into powerful 
metric adjustments. The entire unit is completely en- movements instantaneously. By means of a gear driven 
closed, protecting it against errors caused by dust, stainless steel spiral shaft, pen movements are con 
dirt and air currents; thus, its inherent accuracy and trolled within 1/10°%, of full scale. All moving parts 
sensitivity is maintained. are permanently timed and equipped with extra large 
THE SLIDE WIRE... ne 
Over 40 long, dual wound with extra large wire, has THE POWERFUL MOTOR... 
more convolutions than any other industrial Pyrometer. 
This assures greater accuracy and uniform sensitivity An oversize synchronous motor with ample reserve 
over the entire range and the elimination of errors power drives the entire mechanism at constant speed 
caused by wear. Totally enciosed, it is fully protected Maintenance is reduced to a minimum as there are 
against dust, dirt, fumes and corrosion. Maintenance no brushes or commutators and the built-in gear reduc 
is negligible. tion unit requires greasing but once a year. 
Other outstanding features are fully explained in Catalog No. 1101 ... Write for it 
i THE BROWN INSTRUMENT COMPANY 
Branches in 22 Principal Cities Philadelphia, Pa. 


} 4482 Wayne Avenue 
Canadian Factory—I17 Peter Street, Toronto, Ont. 
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Mopex 709 
Weston Intumination Controt Retay 


The upper relay can be adjusted for 
any “turn-on” value from \% foot- 
candle up; the lower relay for any 
“turn-off value from ‘4 foot-candle up. 








oper 709 
For Inresion Itiemination ContTRoL 
Furnished in attractive case for wall 
mounting . . . adjustments can be 
made in “on’’ and “off” values with- 
out removing cover. 

















SIMPLE AND SURE 
THE WESTON WAY 


... economical, too! 





Investigate the PHOTRONIC method of illumina- 
tion control, Its simple and dependable. It has 
many exclusive advantages that make it the most 
practical for street lighting, indoor illumination, 
airways, lighthouses or outdoor signs. Its eco- 
nomical, too; for installation is simple and oper- 
ating expense practically negligible. 

It’s the Weston Model 709 which employs the 
Weston pHoTtronic Cell... the fundamental rea- 
son for its efficiency and economy. This self- 
generating cell, which has permanent character- 
istics, operates the relays direct. No outside 

voltage required ... No amplifying equipment 

The cell, or light target, can be mounted wher- 

ever desired; far removed from the control box 

if necessary. 

And Model 709 permits of independent ad- 
justment of both the “on” and “off” values: so 
that lights can be turned “on” at any intensity 
level desired, and turned “off” at any intensity 
level desired. It uses no energy when not oper- 
ating, andes taper and the consequent dead 

.ound the bulb will cause considerable lag; o1 
ill take a “SO0-Ib.” pressure-spring and dip it in 

itil it gives the desired deflection at only 150 Ibs 
yet, he will guess at the quantity of filling which 

e case of SO. for instance is an exact amount known 
e maker—with the result that the scale will only be 
ect at one point (two at the most) ; or he will “evacu 

1 vapor-pressure system by heating the bulb; or he 

ubstitute alcohol for a nitrogen filling, et 
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Instrument Scale Distribution and its 





Effect on Observational Errors 


By R. G. JEWELL* 


ERTAIN electrical indicating instruments have 

uniformly divided scales while others have scales 

which are open over one portion and constricted 
over another portion, as shown in Fig. 1. The purpose of 
this paper is to show what factors affect the distribution 
ind to determine what effect the distribution has upon 
observational errors. 


SCALE DISTRIBUTION VoLTs 
CONTROL 9 60 70__80 





In every electrical 
indicating instrument 
there is an actuating 
torque and a restoring 
torque. The actuating 
torque tends to move 
the pointer up scale 
and the restoring 
torque tends to move 
the pointer down scale. 


Che manner in which ARODVNAMIC Sc 


these torques vary a 


with the current and 
the pointer deflection 
determines — the scale 
distribution. In some 
instruments both the 
actuating and restoring 
torques are electrical 
in nature while in other 
instruments the restor 
ing torque is provided 
by a spiral spring. The 
latter case lends itself 


= ANGLE BETWEEN 


more readily to anal POINTER AND MOVING 
° COIL AXIS 


ysis and will be the 


only one discussed in 
Fig. 1. A_ few 
4 i one scale distribu- 
Che torque T of the diane. 


this paper. 





restoring system is 
given by the product bs 
of the spring constant A and the pointer . 
deflection; hence 


T re ar i it 


The torque of the actuating system is 


dependent upon the rate of energy change P| 


in the system with respect to the pointer 


deflection D) and is equal to K, dE /dD Movasse Cous 
(ARMATURE) 


where A, is a constant of proportionality. 
The torques of the actuating and restoring 


systems are equal in magnitude when the Fig. 2. Elec- 
. trodynamic 
pointer is at rest. element 


The energy of the actuating system is 
electromagnetic and is expressed by 
E K, re he hid: ie here = Tee 
for d’Arsonval (permanent-magnet moving-coil) systems; 
BE 1/2 L,1,° + 1/2 L,I,” -M cos 
(y +a-+ D) 1,1, cos 6 cou 6 SRD 
for electrodynamic systems where the coil axes lie in one 


*Meter and Instrument Engineering Department, General Electric Co.. 


West Lynn, Mass 
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eS Pe 
1 ; where EF is the energy of the sy 
field coil inductance; L, is the armatu 
field coil current; J, is t! 
armature coil current; M is the value of the mutual i) 
and armature coils when t 


In a d’Arsonval system t 
flux linking the armature coil 
varies directly with the pointer 
deflection D so that equa 





«x 






ficatui volt: age 


Solving equation ( 


angle between their axes is ze) 
Fig. 2); y, a, and D a: 


i 


angles as shown in Fig. 2; 6 
phase angle between t! 
current 7, and armatu: 
current J,; AK, is a constant ot 
proportionality, and @ is t) 
field flux enclosed by the arm 
: coil. 


Hence 


KD K, dE dD 
Rel dd dD 


the d’Arsonval system; 


A, sin (y + a+ D 


I, fs cos @ 6 


for electrodyn: amic instruments 


K.I,° dL, /dD 7 


- the iron vane Seatiereei nts 


' K,, K,, and K, are co 


These equations are als 
stated by Drysdale in his pa 
“Future Progress in Elk 
trical Measuring Instruments. 


SCALE DISTRIBUTION FOR THI 


D' ARSONVAL SYSTEM 


+ 


tion (5) reduces to 


D=—K,I. : 


which shows that 


pointer deflection is d 


rectly proportional to t! 
armature current. ‘1 
seale distribution is ther 
fore uniform. 


SCALE DISTRIBUTION 0! 
THE ELECTRODYNAMI 
SYSTEM 
The simplest electro 
namic system to consid 
is the voltmeter in w! 


the field current J, and armature curren! 
are - al, in phase, and proporti: 
Equation (6) then reduc 


sin (y + a+ D) 


sin (y +- a+ D) 


In order to get a better understanding of the proced 
in constructing a scale, a specific example will be work 
following constants 





. 2 


men 


abilj 






sn Shee ea 


5 ena 





Full seale voltage J's Sie ae ae eee 150 
Full scale deflection Dys, deg. . . . : 90 
Angle (a) ) between pointer and armature coil axis 0 
Angle (y) between field coil axis and zero of 

scale, deg. 0 eo « « 45 


The value of the coefficient \ A K. 
substituting the conditions at full scale in equation (10). 
[he coefficient for the 13.3: 


becomes 


is determined by 


above set of conditions is 


hence equation (10) 














known it can be substituted in equation (7) and the seal 


can be constructed in a manner similar to the above ex 


ample for the electrodynamic system 


The inductance equation is not known in many cases 
be use d 


The slope of the tangent to the curve for a given pointer 


and then the inductance-deflection curve must 


deflection D is substituted equation (7) for dl, dD 
together with the corresponding value of D Phi 


value of J, is then determined and by 


plotting ] 








l" 13.3 igainst the 
 D/ sin (454+-D) (11) pointer deflection 
Substituting various mma: ii ar ] —_ T T es T | ] A Do a curve simi 
values of D in equation | | | | if lar to Fig. 3 is 
11) and plotting the re | | obtained trom 
sults gives the curve of | | which the seal 
Fig. 3 from which the de ‘ 7 St | T | ] can be construct 
fection D can be found > | | | od étetiesiv: te 
for any voltage. The val- : | | the foregoing ex 
ues of D corresponding = | | | ample for elec 
to the main voltage divi 90 ees | | | | | | trodynamie in 
sions are then laid off ~ | | Pog — struments, 
graphically on the are of z x a v= 13.3) SIN (4575) The  logarith 
a circle and the voltage us a | | | mice seale shown 
values marked. The re < 60o-+--—_+—_ ++ } t + t t 1 in Fig. 1 could 
sult is a seale as shown o | al | | | be obtained with 
in Fig. 4. Fig. 4 also ” | in iron vane sys 
compares the actual with = | | | tem by properly 
the constructed scale and a —_+—--- + — t + t | shaping and 
shows close agreement. | placing the parts. 
Returning to equation | | | The scale log 
(10) it is seen that the arithmic from 10 
distribution is affected RES 5 . | a | ~ 1 | to full scale but 
only by the angle (7) be : ANGLE. OF POINTER DEFLECTION ‘D DEGREES” in order to get 
tween the zero line and zero the seale 
the field coil axis and an Fig. 3. Relation between pointer deflection and volts scale indication. ee eee 
gle (a) between the point- other law as zero 


er and movable coil axis. 

Inspection of Fig. 2 reveals that when the angle (a) 
between the pointer and movable coil axis is negative and 
equal to (y) and the pointer is on zero, the movable and 
stationary coil axes are oppositely directed and produce 
an unstable condition thereby setting one limit for the 
value of (a). The other limit for (@) is found when the 
pointer is at full scale, for then if (@) is equal to (8) the 
movable and stationary coil axes are 


tion and no torque is produced. 


in the same direc 


Returning to Fig. 1 it is seen that distribution 4 was 

obtained with (a) 
equal to -40 de- 
grees and distribu- g0 90 0, 
tion C with (a) 19 J J 

le & y —t 
equal to +-30 de- go ad 
grees. These two . me x ComsTRUCTED 


values represent the 
practical limits. In- \ 
stability at zero re- 
sults from values 
than -—40 de- 
grees. Low sensitiv- 
ity results from values greater than --30 degrees. 

The possible distribution on an elec Hien namic instru 
ment is therefore seen to be definite 
ability. 

SCALE DISTRIBUTION OF 


less 


and limited in vari 


THE IRON VANE SYSTEM 

An equation for an iron vane system showing the rela 
tion between the inductance L, and the deflection D can 
take many forms depending upon the physical arrange 


ment of the parts. If the equation for the inductance is 


(YS 
"Wigndiies eae 


Fig. 4. Electrodynamic type voltmeter. 150-volt 
scale. Actual and constructed scales for 4 


Is appro id hie d 


EFFECT OF SCALE DISTRIBUTION ON OBSERVATIONAL ERRORS 


No matter how good the inherent 


strument is, 


accuracy of an in 


there alwavs is a certain amount of error 


introduced by the observer who is not able to read the 
exact indication of the pointer. The error introduced 
will, of course, be influenced by the size of the pointer, 


parallax, pointer position with re spect to the extremities 
of the 


For purposes of discussion it is necessary to take some 


division, and by the observer 


average value by which the observed 
‘ ac ‘ S s of te 
ic ACTUAL and actual position of the pointer 
might differ. A value of 0.005 inch 
42 / is common even with a blade pointer 
<0 
, Go and mirror to THIN Ae parallax, 
LN TT) : : ne , 
Ip ie resulting error in per cent indi 
> 4 ‘ 
< ~ cation is depr ndent on the seale dis 


tribution and pointer deflection 
scale distributions are 


‘ig. 1. TI 
Fig. 1. The 


errors introduced by the 


Various 


90-degree obse rvational 


shown in 
0. 


ibove 0.005 


inch are shown in Fig. 5 and 6 for 


each of the scales. 
Fig. 5 shows the observational errors plotted against 
the pointer deflections in inches. The outstanding char 
decreases as 
the pointer moves up scale over thi third of the 


scale length. With the exception of the logarithmic scale, 


acteristie is the manner which the error 


first 


readings should never be taken on the lower third of the 


scale length for maximum accuracy. The logarithmi 


scale has the advantage that it can be read with the same 
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POINTER DEFLECTION —INCHES 


Fig. 5. Observational error in percent of the indication 
caused by an error of 0.005 inch on a 6-inch scale for 
various scale distributions as a function of the pointer de- 
flection measuced in inches. 


accuracy over practically the whole scale but the error 
is much greater over the upper two-thirds of the scale 
length than for the other types of distributions. 

It is to be noted that for the same observational errors 
the uniform scale cannot be read as far down on the scale 
(measured in inches) as can the other scales shown in 
Fig. 1. A safe rule to follow for all scales is “Always 
use the upper two-thirds of the scale length.” 

The observational error plotted against the pointer 
deflection in volts is shown in Fig. 6. The smallest errors 
are obtained on that portion of the scales which is “open” 
and above one-third of the scale length as shown by the 
heavy part of the curves. Seale “A” gives the smallest 
errors of any of the scales shown, but the usable range 
is not as great as for the other scales. Such an instru- 
ment would be suitable for laboratory use where ac 
curacy is more important than a long usable range, the 
range being covered by having a sufficient number of in 
stuments, 

Seale distribution “B,” while not capable of giving as 
much accuracy as scale “A,” has the advantage of a 
greater range and would be better adapted to general 
usage in test work. 

Distribution “C”’ is another short range scale, the 
useful part being the middle third. An application would 
be a case where the measured magnitude fluctuates above 
the values where readings are taken. The pointer would 
not strike against the upper stop on the peak of the fluc 
tuations. Scale “C” is therefore seen to have a limited 
application and would not ordinarily be used. 

The errors shown by the curves are in percent of the 
indication. The instrument user is interested in the ac- 
curacy of the measurement and it is for this reason that 
the errors are shown in percent of the indication. Manu 
facturers state the accuracy of instruments in percent of 
full scale. This manner of expressing the accuracy is 
necessary. It has been pointed out that the observa 
tional errors are not the same on all portions of the scale 
and it is not justifiable to expect the accuracy to be the 
same on all portions of the scale when expressed in per- 
cent of the indication. It therefore is necessary to refer 
to a definite point on the scale when stating the accuracy. 
The full-scale point is the most obvious point to select. 
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Fig. 6. Observational error in percent of the indication caused by an 


error of 0.005 inch on a 6-inch scale for various scale distributions as a 
function of the pointer deflection measured in volts. Heavy lines show 
scale regions which are “open” and above one-third of the scale length. 


CONCLUSIONS 

The seale distribution of an‘ electrical indicating i 
strument is controlled by the physical structure of 
instrument and can be predetermined by considering | 
manner in which the actuating and restoring torques vai 
with the current and the pointer deflection. 

The distribution can be varied in certain cases by sin 
ply changing the angle between the armature coil and 
pointer. The possible range in scale distribution chang: 
is limited by instability and loss of sensitivity. 

Observational errors are minimized by using an instru 
ment having a scale which is open in the region wher 
readings are to be taken. However, readings should never 
be taken on the lower third of the scale length excepting 
on logarithmic scales. The observational error on a log 
arithmie scale is constant over the scale range but 
higher than for the other types of scales over the re 
ommended range. A safe rule to follow when using any 
instrument is “Use the upper two-thirds of the seal 
length.” 
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Relays Find Important Applications on 


Increasing Use of Electrical Equipment 
Opens Up a New Field of Instrumentation 


By JACK DELMONTE* 


HE past three or four years have witnessed a 

large increase of electrical applications on air 

craft. From the earliest days of airplane develop 
ment there was a need for electricity. The spark plugs 
on the engines required a source of electrical potential 
for their firing, and hence magnetos were developed to 
provide the high voltages necessary. As the magnetos 
could fulfill only this function, storage batteries were 
added to the plane’s equipment. Though these added 
considerably to the weight of the plane’s accessories, 
they were a distinct asset in providing low voltage for 
the exterior lighting system of the airplane during night 
flight. The lighting system, supplied at 12 volts, includes 
the running lights, the landing lights, the identification 
lights, the anchor lights, and the turtleback lights. More 
recently, the storage battery has been called upon to 
facilitate the starting of the airplane engine by furnish 
ing large currents to the electrical starter. 

The demand for communication facilities brought the 
radio to aviation, this step gathering momentum during 
the past few years. Aircraft radios were furnished in 
a number of types and sizes, depending upon the re 
quirements. Rather than rely upon heavy batteries with 
limited supplies of energy, electrical generators were 
introduced to supply the radio demand. Though gene 
rators had been in use before on airplanes, for charging 
the storage batteries, new designs were evolved to meet 
both the battery and the radio requirements simultane 
ously. This step required a careful design of generating 
apparatus: as light as possible and not too bulky. At 
the same time the functions of the electrical equipment 
required a consistent and reliable supply of energy. This 
fact cannot be overemphasized when one realizes the 
dependence of the airplane upon its communications 
equipment when flying blind. The radio beacons, out 
lining the “air-paths” about the country, have made the 
radio and its electrical supply indispensable to safe fly 
ing. In addition, the aircraft radio plays an important 
part in enabling the airplanes to maintain contact with 
ships at sea. As a matter of fact, the aircraft tactics 
were developed on the assumption that communications 
apparatus may be relied upon in all exigencies. 

Trends in electrical applications point to small motors 
and additional controlling devices as possible additional 
consumers of electrical energy. In short, the extent of 
electrical equipment on the airplane is increasing, and 
under the exactitudes of service conditions the equip 
ment and its electrical supply must have protection 
against damage. In this capacity relays have been in 
troduced with very good results. The relays not only 
protect the equipment, but also minimize fire hazards. 

The present trend is toward the adoption of engine 
driven aircraft generators. To maintain an electrical 
supply with a low voltage regulation is no small task 
under service conditions. The generator may be expected 
to rotate at any speed up to 4000 r.p.m. The high rota 
tional speeds are reached when the craft is in a dive 
and the lower speeds as the engine approaches idling. 
seipinion, Flectrical Engineer, U. S. Naval Aircraft Factory, Phila 


_ All opinions expressed in this article are the personal viewpoints of 
he author and are not to be construed as of official origin 


This fact must be coupled with a realization that rel 
ability is expected of the electrical system in extremes 
of environment as: tropical heats; freezing tempera 
tures of arctic regions; high altitudes (usual ceiling 
25,000 feet); corrosive sea atmospheres; and, as a 
climax, the shocks and stresses of the airplane during 
all its flight manoeuvres. Such service conditions furnish 
a test that will try the mettle of the electrical system. 
To supply the high plate potentials of the radio tubes 
and the low voltage filament circuits, double-voltage d.c. 
generators were developed. The generators are self 
excited through the low-voltage supply. The curves in 
Fig. 1 show the typical voltage regulation obtained for 
a radio generator. A voltage regulator in the low-voltage 
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Fig. 1. Typical electrical characteristics of aircraft generators. 


circuit alternately cuts-in and removes resistance from 
the shunt field of the generator, regulating the low and 
the high voltages. The dotted curves show the trend of 
the voltages had there not been some measure of con 
trol. The voltage regulation for the low-voltage circuit 
and for the high-voltage circuit are in keeping with 
practical requirements. 

A closer examination of the low-voltage circuit will 
suggest the conventional methods of protection. ‘The 
terminal voltage of the generator averages about 14.0 
volts and the storage batteries placed across the termi 
nals are rated at about 12.5 volts. It is not desirable to 
have the voltage of the generator rise to too high a value 
as the battery may become overcharged, causing over 
heating and shortening the life of the battery. The 
voltage regulator easily handles this tendency. On the 
other hand it is a good practice to maintain the lower 
limit of voltage on the generator by a reverse current 
relay. If, while the engine is approaching idling speeds, 
the voltage of the generator drops below that of the 
battery, the battery will discharge through the gene 
rator, reverse the fields, and result in a large drain upon 
the battery accompanied by EXCESSIVE circulatory cur 
rents. The reverse current relay will break open the 
circuit at the first tendency to reverse the current. While 


Continued on page 78 
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ectricity Meters 


PART ONE 
General Characteristics and 
Single-element Types 





By PERRY A. BORDEN’ and M. F. BEHAR** 


1. Introduction, Definitions, etc. 

The term “meter” is often loosely employed to designate any form of 
trical measuring device; but in accord with correct usage and standard pra 
| it is applied in this work (except when forming part of a compound word) 
describe a measuring device which integrates, i.e., which provides a summat 
of instantaneous values of the magnitude under measurement. From a mat st 





HE BAILEY BOILER PANEL gives 


| 
complete information for controll- | matical standpont it is conceivable that any determinable electrical magnitu ai 
ing boiler operation. It contains the | may be subjected to integration; and from an engineering standpoint thi pi 
Bailey Boiler Meter, a Bailey Fluid | feasible; but in practice the process of summation over an interval of tin és 
Meter with which is combined a Boiler applied to only two electrical magnitudes: power—real or apparent——and = 
Water Level Recorder, and a Bailey a lesser degree, current. [Note: Volt-hour or volt-squared-hour meters a: P 


Multi-Pointer Gage. The operator sometimes used in special applications such as life testing of incandes 


has everything right before him to lamps. } : 
obtain the desired capacity and best Among electrical measuring devices the electricity meter occupies a ul ae 

ari 
efficiency at all times. Request | place in that during its time of use it is not under control of the user. I! oe 


recommendations for your boilers. installed frequently in some obscure location, its mechanism and tern 


PRESSURE GAGE | sealed, and there it is left, perhaps for five or six years* without rece ‘ 





Extremely accurate any attention except for a periodic glance by the meter reader. Yet it dul 
° | - Py el 
gages embodying | pected to be accurate at all speeds from zero to considerable overload , 
. / Whi 
the dead weight since monetary payments are directly based on its registrations (gene 
) , a va 
gage tester prin- without correction) its accuracy must be high. onal 
iple are availabl evi 
ciple ere evellatte Meters have engaged the attention of distribution companies, of their t ; 
in several sizes up - * hie | (the 
so 36” in di | nical staffs and of supervisory bodies to a much greater extent than have other 
o 36 in diameter : 1 may 
for indicating ot re- | types of electrical measuring devices, with the result that many books, report he 
mote points the and technical articles dealing with them have been published; and most of 1 saiieas 
pressure of steam, | manufacturers provide excellent descriptive literature. The limited spac “i 
- » liittds 
water, gas,etc. These | available compels a rather superficial treatment of electricity meters Saal 
gages can be used j — 
with any pressures and are particularly ) : joule 
suitable for magnified ranges. Ask for | Definitions oF pe 
Bulletin No. 70. , 7 . hoe; 
The following definitions applying to watthour meters are taken fro eins 
LONG DISTANCE INDICATOR “Code for Electricity Meters,” prepared under the joint sponsorship unit 
Bailey Meter Selsyn Operated Equipment for Association of Edison Illuminating Companies, the National Electric | enie 
recording and indicating pressure, tempera- Association and the United States Bureau of Standards:t+ Ag 
Or W 


from the source is highly accurate and reliable. 
nad speed proportional to the power integrated by the meter. 


| 
ture, draft, liquid level, etc. et any distence | (1) Rotating Element. That part of the motor element which rotate: 
Described in Bulletin No. 10. . 

| (2) Register. That part of the meter which registers the revolutions 0! 








j ee 

rotating element in terms of units of electrical energy. ; 

ADJUSTABLE (3) Dials. The graduated circles over which the dial pointers move 

(4) Register Face. The part of the register on which the dials are pri 

ORIFICE (5) Dial Pointers. Those parts of the register which move over the dials 

point to the numbers on the divisions of the dials. 3 

ene Saltay. Aageunnee (6) First Dial. The graduated circle over which the most rapidly m a 

=p rn theese lial pointer moves. (Usually the right-hand circle) % 

. . . ‘ 2 yes. Suc c v < € ‘4 

Fiuid Meter installations Giai pointer move 4 —— 4 
where accurate measure- *Watthour meters’ used for billing purposes in Canada must operate under seal of a e 
ments are desired over minion Government for a period of six years 3 : 
a flow range of as wide tA. E. S. C. Standard No. C12—1928. 5 iny 
asl60 tol. Ask fordetails. *Fourteenth chapter (XLII) of Part Seven (Handbook of Industrial Electrical Measut : urs 
and Control) of Béhar’s Manual of Instrumentation. See editorial announcement of this ser ! * many 
page A7 of November 1933 Instruments. A complete chapter of this new handbook is gs ce. 
BAILEY METER CO. | Big ne eects ome nas oie, nee, Met . 
final revision, and then set in type, shortly before its appearance in this serial form, in or t a: mena 
1041 IVANHOE ROAD assure that the subject matter is thoroughly up-to date. This new book is not published seria ! _ nti 
any other periodical. Entire contents copyright. To be issued in book form on or about Jan. 1, ¢ j water 
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(7) Dial Train. All the gear wheels and pimions used to interconnect the 

i] pointers. 

(8) Register Ratio. (Rr) The number of revolutions of the wheel meshing 
vith the worm or pinion on the rotating element for one revolution of the 
frst dial pointer. 

(9) Gear Ratio. (Rx) The number of revolutions of the rotating element 

r one revolution of the first dial pointer. 

(10) Register Reading. The numerical value indicated on the dials by the 
lial pointers. Neither the register constant nor the test dial, if any exist, 1s 
considered. 

(11) Register Constant. (K,) The factor used in conjunction with the 
evister reading in order to ascertain the total amount of electrical energy, in 
desired unit, that has passed through the meter. 


the 
tne 


(12) Standard Register. One in which each of the four dials is divided into 
ten equal parts, the division marks being numbered from zero to nine and the 
vearing between the dial pointers is such that the relative movements of ad 
iacent dial pointers are in opposite directions and in a 10 to 1 ratio. The 
register constant may be 1, 10 or any power of 10. Nothing appears on the 
register face in addition to the dials except the word “kilowatthours” and the 
register constant. 

(13) Registration. The numerical quantity expressed in the desired unit 
corresponding in value to the energy that has passed through the meter. It is 
equal to the product of the register reading and the register constant. The 
registration during a given interval of time is equal to the product of the 
register constant and the difference between the register readings at the begin 
ning and the end of the interval. 


“Power,” “Energy,” “Integration,” etc. 

A few notes on the units to be dealt with, and on the functions of various 
meters, may be welcomed at this point by readers who may have lost famil 
iarity with the subject since they took electrical courses years before: 

A mechanical analogue of an electricity meter which integrates current is a 
“positive” water meter (a volumetric or gravimetric water meter) in the pipe 
line to a water-wheel: such a meter merely registers the quantity (volume or 
weight) passed through it. A mechanical analogue of an electricity meter 
which integrates power is a positive and piezometric water meter—-one with 
a variable-speed drive interposed between its rotor and its register, so that its 
register speed will be proportional to the flow and also to the hydraulic head 
(the “potential” of the water). The first meter will register “pounds” which 
may be a fair measure of the load if the water is supplied at constant head; 
the second will register ““foot-pounds” or “kilogrammeters” which is a true 
measure of the hydraulic energy supplied to the water wheel, for it is the 
measure of mechanical energy. The scientific unit of electrical energy is the 
joule (0.732 ft.-lb.) but the practical unit is the kilowatt-hour ( 
joules). This unit includes the time term “hour” because the watt is the unit 
of power, which is the time-rate of energy application. In other words, watts 
being amperes times volts and amperes being coulombs per second, an energy 
unit including “watt” must specify “during” one second or “‘in 
venient time unit. 

Again reverting to mechanics: A reservoir contains so many million pounds 
of water (coulombs). A water wheel is situated so many feet below this 
reservoir (volts) and this hydraulic head is read on a pressure gage (volt- 
meter). The wheel throttle is opened, passing so many pounds per second 
(amperes), which rate is indicated in pounds per second on a simple flow 
indicator (ammeter). There is also installed a two-element flowmeter which 
combines a flow indicator and a pressure gage to multiply pounds-per-second 
by pressure; its deflecting pointer travels over a scale graduated in foot-pounds 
per second (watts) and it therefore constitutes a hydraulic power meter (watt- 
meter). It is equipped with a clockwork and drum driving a chart at a con- 
stant time rate, so that it constitutes a curve-drawing power-meter (recording 
wattmeter). At the end of so many hours the chart is planimetered, the area 

or integration—representing so many foot-pounds per second during so 
many hours, which can be expressed in two ways: (1) so many water-power- 
hours or horse-power-hours (watthours), or (2) since time cancels out, so 
many foot-pounds (joules). But complication may be saved by installing, in- 
stead of a deflecting and recording hydraulic power INSTRUMENT, the device 
mentioned in the foregoing paragraph, namely, a rotating and registering 
water power METER (watthour meter). 
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The history of the development of electricity meters is not only a fas 
subject but an instructive one, because this development represents 
beautiful solutions of problems in various branches of electrical and m 
ical engineering. It is ably told in some of the works listed in the app 
bibliography. We can only touch its highlights: The sale of electrical e1 
as a commodity dates back to the emergence of electric lighting from 
oratory curiosity to a practical method of illumination. At first there w 
thought of measuring energy as such. The earliest devices for establ: 
costs to individual consumers from a common source were time meters ( 
1872) which registered the time during which the current flowed 
metered circuits, a clock mechanism being electromagnetically released | 
current flowing in a small magnet coil. These were followed by qui 
meters, measuring coulombs or ampere-hours; and it was not until about 
that the first watt-hour meter, giving an integration of the energy | 
through its circuits, appeared in the form of Elihu Thomson's “reco: 
wattmeter.” This evolved into one of the modern types, namely the con 
tator type. The other two modern types of watthour meters in wides; 
use are the mercury-motor type, and the induction type. The latter h : 
inception in the Ferraris shifting-field discovery (1885) and was made | 
tical ten years later by Shallenberger. These three principal types of watt 
meters, together with the modern ampere-hour meter, make up practicall 
whole field of rotating-element (or “motor type’) electricity meters in 
spread use, to be dealt with in this article 


Features and Characteristics Common to All Types / 


Before discussing the several types separately it is in order to touch 
the principal features of design and structure, and the principal sour 
error and other characteristics, which are common to all rotating-elem: 
motor type d.-c. and a.-c. meters. All such meters are distinguished 
indicating and recording instruments by a register; and this will be tak 
first, in Section 2. In all such meters, too, the values of the driving torqu 
of the retarding torque should at all times be such that the momentary 
of the shaft which drives the register will be proportional to the value « 
metered magnitude; and this will be briefly discussed in Section 3. Idea 
portionality, and consequent ideal integration (ideally accurate regist1 

all loads) is unattainable in practice—partly because of friction, whicl 
be touched upon in Section 4; but also because of other sources of ert 
herent in each particular design. Such characteristic (rather than general) 
error sources will be mentioned under each type; but the principal adjt 
common to all types will be dealt with in Section 5. Finally, a few wor 
bearings appear in Section 6. Only after this do the descriptions of 
begin. It is assumed that all readers have some acquaintance with elect 
meters. Those to whom the subject is entirely new are advised 
through Sections 7 to 12 (especially Sections 7 and 10) before studyi 
tions 2 to 6 





2. Registers 

The function of a meter being to integrate, its readings are a sum. | Flect 
in the case of special meters such as demand meters (next article) wht ‘nina 
one pointer advancing up one scale, the “scale” takes the form of a nui F 
register—usually a group of dials upon which the travel of the rotating ae 
ber of the meter is progressively indicated by the advance of pointer nae 
moving pe trees in one direction. The reading of the pointers rep! S  facty 
the advance of the meter, or the energy consumed, since the pointers | coma 
their zero indication. Hence, in order to obtain the consumption du ter 
specified period of time it becomes necessary to observe the registration 
he ginning and at the vw of the interval, when the advance during tl 

vill be represented by the difference between the two registrations DS revist 

A typical meter register is shown in Fig. 42-1 Each of the four 
is geared to its neighbor through a 10/1 ratio, so that one revolution Th 
left-hand pointer represents 1,000 revolutions of the right-hand. For tl on 
of mechanical simplicity there has been adopted a standard wherein the «'t 1024 
nate pointers rotate in opposite directions, but this introduces no diff ; 
shuaiela correct readings. Between the right-hand spindle and the 
element of the meter is interposed a gear train of such a ratio that the 
of the meter reads units of energy passed through the measuring cir¢ 
most self-contained meters the reading is direct, i.e., the register rea 
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vatthours directly; and, where the rating of the meter 1s so high as to make 
1is impracticable, the gears are so selected that the registration will require 
to be multipled by 10 or some whole power thereof, which information is 
\istinctly marked on the dial. Many meters produced in foreign countries or 
manufactured for export to foreign countries, are fitted with cyclometer regis 
rs in which individual digits appear behind corresponding openings, as on 
the Ferranti (English) meter, Fig. 42-2. Though ease of reading may be 


It 


:rgued in favor of this type of register, its mechanical complication and non 
uniform drag as compared with the dial type has rendered its use practically 
is the back view of a G 


unknown in American practice.* Fig. 42-3 
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Fig. 41-1 





Fig. 41-3 


Electric “Form 8” register with a double worm (identified by two grooves 
near end of shaft) giving a 69 4/9 ratio. 

For meters used with shunts or instrument transformers there are several 
practices in dial marking. Where a metering outfit, including auxiliaries, 1s 
purchased outright for a particular installation, it is customary for the manu 
facturer to equip the meter with a register ratio to read direct, or with a 
constant of 10 or a whole power thereof. Many utilities and other users of 
meters, however, prefer a greater degree of flexibility, and obtain their meters 
to read directly the energy in the meter circuits. Then, when these meters 
are used with shunts or instrument transformers, as the case may be, the 
registrations are multipled by a constant determined by the ratio of trans 
formation. 

The method of computation for instrument transformer ratios, used with 
wattmeters but equally applicable to watthour meters, was given in the June 
1934 article of this series. 


In Part Five of this Manual it was brought out that American rs pref cyclometer 
registers not only on revolution counters and other speed measuring instruments but even on 
in Pee a instruments the very instruments with which dials are traditionally associated 

art Six it was brought out that, in the field of fluid metering, whereas dial register urvive 


Wives sei, tal gas and water meters, cyclometer registers are insistently demanded on industrial 
grating fluid meters. Not a single American manufacturer of industrial flowmeters standard 


on dial registers for his integrators. Nearly all use cyclometer registers exclusivel 
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3. Driving and Retarding Torques 

Every electricity meter has its counterpart in an electrical measuring ins 
ment of some deflection type, with respect to the employment of some met 
whereby an electric magnitude is translated into a mechanical torque: Of 
four Basic Principles employed in instruments (see March 1934 article) 
one—-namely, the electromagnetic principle—is employed in the comm 
used meters; the electrothermal and electrochemical principles were each 
in meters that once enjoyed a vogue, and the electrostatic principle nev 
been (and is not likely ever to be) employed in practical metering 

All electricity meters herein discussed correspond therefore to measu: 
instruments within the electromagnetic class. Of the numerous deflection t 
within this class, however, only two employ torque-production princip\ 
which the principles employed in meters correspond exactly. These are (1) 
the electrodynamometer, wherein two conductors carrying electric current 
upon each other with a measurable mechanical force, and (2) the indu 
type wherein stationary electromagnets are so arranged that an alternat 
current (of commercial frequency) produces a moving field in an air 
thereby dragging a rotor of electrically-conducting non-magnetic material. A 
modern rotating-type electricity meters operate by virtue of one or the 
of these two torque-producing principles 

In deflection instrument measuring elements we have an actuating t 
opposed by a restoring torque in such manner that when these two ar 
anced the pointer or pen-arm comes to rest. In meters, however, the 1 
due to the metered magnitude must produce continuous rotation of the mov 
parts, so that instead of a restoring torque we need a braking effect. H 
the metering terms driving torque and retarding torque. In a meter, a 
of balance between the driving and retarding torques must never caus 
register to come to rest except when the metered’ load is zero; and thi 
anced condition moreover should result—when a load is being meter 
direct and exact proportionality of speed to load. 

The scale of a measuring instrument can be—and that of a precision 
cator always is—individually calibrated, and its lower 20% seldom is 
but the only possible “calibration” of a meter register being a change ot 
ratio, the proportionality of speed to load should prevail from zero 
load and over. 

In a meter, therefore, the driving torque and the retarding torqu 
equally important. Whatever “law” is followed by the driving element 
relation of torque to load, the braking element should follow a law 
will satisfy the conditions of balance set forth above. In a watthour 
having a driving element the driving torque of which is proportional to v 
the retarding torque should be proportional to speed. The speed of the rot 
element of such a meter is usually restricted by a damping membe: 
sisting of a disk of high-conductivity material (copper or aluminum 
latter preferred) attached to the main shaft and rotating within the a 
of one or more permanent magnets. The eddy currents set up in the dis! 
its motion in the magnetic field react in turn upon the field and produ 
braking effect proportional to the speed of rotation. The rotating asse1 
will at all times tend to adjust its speed to the value at which the drivir 
retarding torques are equal, i.e., a velocity proportional to the power 
circuit. The total distance swept out by a point on the circumference + 
disk in a given time thus becomes a summation of the instantaneous vel 
in that time, and is proportional to the summation (or integration) 
instantaneous values of power during that time, which represents the + 


' 


consumed. 


4. Friction and Its Compensation 

Although no rotating type meter can have a mechanism from whi 
friction has been eliminated, this source of error has been admirably 
mized. Friction being variable, its minimization improves accuracy be: 
large friction counter torque would require a correspondingly large 
sation, so that the considerably variable difference between the two 
alone make a meter erratic. 

Friction in meters has two components: (1) solid friction and (2) 
friction. The former has its highest value at the moment of changin 
rest to motion (“‘sticktion”) and thereafter generally decreases in a 
value, so that if uncompensated it is relatively enormous on changin 
no-load to light load, considerable at light load, and relatively insignifi 
full load. Fluid friction on the other hand increases as the square of th 
tional speed, so that if uncompensated it scarcely affects light-load rezist 
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slows down the meter noticeably at full load and causes a considerable 
erload droop.” 
In all meters there is solid friction at the bearings. Its value is a function 
the moving element’s weight (or buoyancy when floated in mercury) and 
orce components not purely rotational. Its value in mm.-g. 1s relatively 
therefore, in meters with wound armatures (Section 7) and relatively 
in both mercury meters (Sections 8 and 9) and induction meters (Sex 
n 10), but this value, whatever it be, is generally small in relation to the 
t actuating torque of the particular type of meter at all loads down to about 
50% of rating. (We have reference to modern meters.) 
In all meters, too, solid friction exists at twenty-odd places in the register 


but the total may be compared to that in a high-grade clock, and it depends 
» cleanliness, lubrication and temperature as does the friction in a clock 
In commutator type meters (Section 7) there is a much more serious source 
solid friction: that of the brushes. 
Fluid friction is a function of the size and geometry of the rotating assem 
hly and of the viscosities of the fluids. It exists in two forms: air friction or 
“windage,” and liquid friction. The windage of a cylindrical or spherical 
wound armature is of course far greater in its aksolute value at any given 
speed than that of a thin disk. The viscosity of air varies but little between 
extremes of summer and winter temperatures, so that the only variation of 
windage which must be compensated for is that with speed—-the curve shoot 
ing up at high loads by reason of the quadratic relation. In mercury meters 
the liquid friction is high, relatively to windage in other meters, but it is 
taken into account as a calculated component of the retarding torque. How 
ever, the temperature-viscosity characteristic of mercury——unlike that of air 
is quite steep in the region between summer and winter extremes (mercury 
freezing at —40° F.) so that at full-load speed the temperature ccefhicient of 
the liquid-friction component in a mercury meter is far from negligible 

Low cost being a requisite of electricity meters, it is impracticable to provide 
them with a plurality of friction-compensating devices, each having an exactly 


appropriate speed or temperature characteristic curve. Every modern meter, 
however, has at least one friction compensation, which consists in applying to 
the rotating element a forward torque in addition to the driving torque which 
represents the metered load. In commutator type meters this friction com 
pensator takes the form of an additional field coil acting on the armature; in 
mercury meters it is a thermocouple generating an additional emf; in induction 
meters it consists in shading a pole of the voltage electromagnet. These three 
methods will be described in Sections 7, 8 and 10, but attention is called here 
to what they all have in common: each is a feature of the potential circuit of 
the meter; each is operative at all times—at zero load as well as when an 
overload is being metered. 

It is of extreme importance, therefore, that the torque value of the friction 
compensation should not exceed the light-load value of the total of all meter 
friction components; for if this should be the case the meter would “creep” 
on voltage alone: it would register on no-load (and the average consumer 
would write to the newspapers). Therefore when a load, instead of being 
switched off, is gradually shut off by a rheostat, the meter will nevertheless 
stop registering, in spite of the friction-compensating forward torque. But 
since the value of starting friction is generally greater than that of the com 
pensated light-load friction, it is possible for a consumer to apply gradually 
a light load without causing the meter to start registering. The losses thus 
represented are trifling, to be sure, but this detail is mentioned in fairness to 
the utilities.* 

Since the value of light-load friction varies unavoidably among different 
meters, even of the same production lot, and since it tends to increase during 
years of service, the friction compensation is always so designed and con 
structed that a meterman can readily adjust it in the field 


5. Principal Adjustments 


_Even a meter having perfectly linear proportionality of load to rotating 
element speed, regardless of fluctuations in temperature, voltage, etc., would 
require at least one adjustment: that of its gear ratio, in order that the numer 
ical advance of its register should correspond to the angular advance of its 
rotating element for that number of units. In such a meter this would be a 
tactory adjustment. In actual meters the most important adjustments, likewise, 
are the two which relate register speed to load: (1) register speed to rotating 
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element speed, and (2) rotating element speed to load. The first 
much an adjustment (which implies fine gradation) as a change of rat 
definite increments). The second is the most important field adjustn 
sometimes called “full-load calibration” and it is “micrometric” in all 
of modern meters—which simply means that a fine-pitch screw 
the speed represents balance of driving torque and retarding torg 
adjustment may consist in varying either, but the most common practi 
adjust the retarding torque. This is accomplished either by shifting 
magnets radially on the disk, or by diverting more or less of tl 
from the disk by a magnetic shunt positioned by a fine-pitc 
The foregoing refers to adjustments which make a meter “fast 
“slower” at practically all loads. The other important adjustments a1 
affecting only a part of the load range, and they naturall 
into light load, full-load and overload adjustments. Such adjustm 


f 


valuable (in some cases absolutely necessary) in order to straighten th 


\ 
lly divide th 


wise far from linear characteristic curve of quantity-production m 

Friction compensation (Section 4) is made adjustable and therefor 
tutes a light-load adjustment since its forward torque is constant 
proportional to the driving torque. 

For full load and overload, a common adjustment consists in ut 
magnetic shunt idea in the form of small thin plates which becom 
at a certain point, above which any additional flux passes by them 

Fig. 42-4 shows the principal adjustments of an induction-type 
meter (Section 10) of quite recent construction—this illustration bei 
a 1935 publication of the General Electric Co. 


6. Bearings 

Much has been written on the subject of bearings for watthour 
a meter must run continuously, it is essential that friction not onl 
minimum but remain reasonably constant in value under all conditi 
that the bearings be not subject to abnormal wear in service. In th 
tating and induction types of meters the bottom bearing carries th 
weight of the rotating element, while in the mercury-motor type the a1 
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and exerts a slight upward pressure on the top bearing. The bearing 
carries the weight of the rotor consists generally of a rounded pivot 
steel ball running in a cupped jewel, generally of sapphire. The guide 
gy is usually in the form of a polished pin running in a journal which 

of metal or jewelled. The lubrication of meter jewels has been a 
-t of much controversy but present practice favors sparing lubrication 

high-grade oil especially refined for the purpose. Figs. 42-5 and -6 
the rotating element of a recent Westinghouse induction type meter and 


ttom bearing. 


>. Commutating Meters 


[he principle of the Thomson meter of 1888, with modifications and 
provements, survives today in the commutator type of meter originally 

loped for use on a.-c. circuits but now confined almost entirely to d.-c 
tallations. Essentially it is a small vertical-shaft motor with the familiar 
rangement of field and armature—the latter with conventional commutator 
| brushes—in which motor the driving torque is made proportional to the 
ver at any instant, and with a braking device developing a counter torque 
DI portional to the speed. A diagram of such a meter is shown in Fig. 42-7. 
Structurally it resembles a d.-c. dynamo without iron in its magnetic circuits 
A stationary field coil carries the line current, and the circuit voltage is applied 

the rotating armature through a suitable series resistor. The driving element 
thus becomes a motor having a torque proportional at each instant to the 
tts in the circuit. The speed of this motor is restricted by a damping disk 
tating in the air-gap of one or more permanent magnets so that it will be 
proportional to the load, as explained in Section 3. For measurement of 
power in three-wire circuits, this form of meter is provided with a divided 
-urrent coil as in Fig. 42-8, allowing the currents in both sides of the circuit 
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passed through the meter, when (assuming a balanced voltage) the 
whole power in the system will be correctly metered. Friction compensation 
takes the form of an auxiliary field coil acting on the armature in conjunction 
with the main field, but connected in circuit (generally in series) with the 
potential circuit, thus developing a torque at all times. With an absolutely 
constant voltage on the system and an absolutely constant value of friction, 
the effect of this coil could be made to provide an exact compensation for the 
frictional drag; but because of variations in both voltage and friction it be- 
omes necessary to provide a slight margin, so that under conditions of maxi 
mum voltage and minimum friction the meter may not “creep” on voltage 
uone, 

As representative of the commutating watthour meter in its most modern 
orm may be mentioned the General Electric Type C-15, shown in Fig. 42-9 
The armature is of spherical form, and the circular field coil surrounds it 
The friction compensating coil is conspicuously located in front of the motor 
element, and adjustment of its effect is obtained by moving the coil bodily in 
relation to the armature. The retarding-torque drag magnets are at the bottom 

the meter, and a micrometer adjustment is provided for moving them 
radially of the disk. 

For higher accuracy in three-wire metering (where voltage unbalance is 

negligible) or for installation in the presence of stray magnetic fields, 
ere is available a type such as the General Electric CS-3 (Fig. 42-10) in 
which two electrically independent motor systems act upon a common shaft. 
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Fig. 42-11 


[The measuring elements being astatically arranged, stray fields affect tl 
opposite senses with no resultant error in metering. A further developn 
the commutating meter, distinctly for heavy switchboard service is f 
the G-E Type G-3 (Fig. 42-11) wherein the series “field coil” is a copy 
This form is built in ratings as high as 6,000 amperes, 600 volts, parti 
for electric railway loads. 


8. Mercury-motor Type 

An obscure laboratory experiment, referred to in physics textb 
“Barlow's wheel,” forms the basis of the principle used in the mercury 
meter, now probably the most common method of determining the con 
tion of direct-current energy. The essential part of this meter consist 
copper disk immersed in mercury. A magnetic field passes vertically 
the disk—up on one side and down on the other, and an electric current 
through the mercury and traverses the disk in a diametrical sense. Thi 
action of current and field produces a rotation of the disk with a torqu 
portional to the product of the two values, so that with the field produ 
a potential coil connected across the circuit, and line current (or a d 
proportion thereof) passed through a diameter of the disk, there is p1 
a driving torque representative of the power in the circuit. Drag n 
acting on a damping disk, as in the commutator type meters described 
serve to regulate the speed of rotation, so that the total distance swept 


represents the watthours of energy passed through the circuit to wh 


meter is connected. 
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The mercury motor meter is produced in America by the Sangamo Electric 
Company, and in England by several manufacturers, notably the Chamberlain 
& Hookham Co. and the Ferranti Co. The mechanism of a Sangamo meter is 
shown in Fig. 42-12; its parts in Fig. 42-13, and its circuit in Fig. 42-14. The 
disk A and the body of mercury in which it is immersed are enclosed in a 
molded cell having electrodes E at diametrically opposite points, through 
which the current is carried into and out of the disk. An electromagnet struc 
ture provides the axial field and is excited from the voltage of the system, 
these coils being represented by light lines. The heavy lines CT are compound 
ing turns to augment speed on heavy loads when fluid friction becomes con 
siderable. Solid friction in this type of meter is extremely low; it is adequately 
compensated for by a small current passed through the disk from a thermo 
couple heated by a resistor H in series with the voltage circuit, the value of 
this current being readily adjusted by shifting block K. Fig. 42-14 is the circuit 
of a shunted Sangamo meter for ratings above 10 amperes, and shows the 
adjustment SD for exactly proportioning the resistances of the current circuit 
to that of the individual shunt under individual line conditions. 


9. Ampere-hour Meters 


The use of the ampere-hour meter is limited almost entirely to electrolytic 
processes, electric vehicles and other direct-current installations embodying 
storage batteries. Some use has been made of it on trolley cars with a view 
to checking efficiency of operation. The first alternating-current meters were 
ampere-hour meters; but the measurement of a.-c. ampere-hours is now almost 
unknown except in special laboratory applications. The design and construc 
tion of an a.c. ampere-hour meter are more difficult than for a d.-c. meter 
The a.-c. metering element develops a torque inherently proportional to the 
square of the current, requiring intricate retarding devices in order to product 
« straight line relationship between current and speed. On the other hand, by 
deriving the field of a d.-c. ampere-hour meter from a permanent magnet, th 
driving torque may be made directly proportional to the current flowing 

The earliest meters for billing users of electric current were based on the 
electrochemical principle and measured on an ampere-hour basis. When ex 
pertly used they were capable of great precision, but they have long since 
become obsolete and have been replaced for billing purposes by watthou 
meters. The only representative ampere-hour meter now manufactured in this 
country is the Sangamo mercury-motor type which corresponds closely to the 
watthour meter described above, except that the potential magnet is replaced 
by a permanent magnet. 
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indard tion nd mechanical de 

! nd ivs considerable stress or 

mpin Thus, in a few paragraphs 

‘ e bro ht out facts essential 

t} best o} ition of indicating it 

ul nts enabling the reader ti 

jen his perspective of the field of 

trical measurement in its relat ! 

the art of n ering. The text of the 

] s amplified by 12 tabulations and 

\ l cuts neluding many original 

liagrams nd several halftones illus 

rative of itstanding types of meters 
nd mete parts 


This volume differs from most works 
ol electrical measurement in that it is 
nstructive rather than descriptive 


Many chapters are followed by groups 
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10. Induction-type Meters 

Energy measurement on a.-c. systems is now performed almost enti 
the induction type watthour meter, which combines extreme mechanica 
plicity with remarkable electrical accuracy. The principle of the indu 
type instrument was briefly discussed in the March 1934 article, the trea 
there being applied to the “rotating field,” as produced by interacting 
having displacement in both position and time-phase. The principle as ay 
in the watthour meter is basically the same but the field produced may 
be more correctly termed a traveling or shifting field. With this cone 
view the operation will be understood by reference to Fig. 42-15 which 1 
sents the electri magnetic system of one of! the earlier Westinghous« 
but contains the elements to be found in the driving element of pract 
any form of induction-type meter. Two more or less independent mag: 
circuits are arranged to superimpose their fields on a conducting disk, 
tion of which occupies an air gap common to both. The magnetic 
irries two distinct windings, one of a few turns connected in series wit 
circuit to be metered, and one of many turns, therefore highly indu 
connected across the circuit. When the current in the metered circuit 
phase with the voltage (100% power factor) the currents in the two 
ings are displaced almost exactly 90 degrees in relation to each other 
principal part of the flux produced by the potential coil circulates 
iImost complete magnetic circuit associated with that coil, but a portion 
is diverted and crosses the main air gap to the tips of the poles B and D 
polar projections associated with the two windings are so spaced alon 
air gap that the interaction of their respective fluxes produces a shiftin 
in the gap, much as though a magnet were being continuously moved 
the space. The strength of this shifting field with 90 degrees’ phase diff 
between the currents in the two coils (100% power factor in the m 
circuit) is proportional to the product of the current and voltage 
metered circuit. It will be seen that at any other power factor the st 
of the shifting field is also proportional to the power factor of the cir 
that the strength of the rotating field is proportional to the product 
volts, amperes and power factor, and therefore to the actual power. 

The moving element, a light non-magnetic metal disk supported on a ver 
spindle and projecting into the air gap, acts like the short-circuited rot hatvesie 
an induction motor, currents being induced 1n it and combining wit! norti: 
shifting field to produce a continuous torque proportional to the pov TI 
the circuit. To make this torque proportional to the power at all valu ln 


power factor it is essential that there be maintained a true quadrature rel to th 
between the potential flux and the applied voltage. This is obtained rma 
short-circuited “lagging coil” surrounding the pole tip C of the potentia aneee 


tem. A current is induced in this coil and in turn sets up a flux which 
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Fig. 42-16 4 
ind a: 
maximum, the poles A, C and Aj ts Das 
potential magnetic system are ! x th 
north, south and north respectively f Du 
Fig. 42-15 Voltage Elernent the value of the series flux is 


quarter-cycle later the current 


The shifting nature of the field car be tential winding passes through 
shown by comparison of Fig. 42-15 with value and that in the series -coil: ll. § 
the tabulation in Fig. 42-16. The dotted a maximum, the pole tips B and 1 . ey) 

nes show the main paths of the magnetic being south and north respectively a 

flux produced by the two windings, only next quarter-cycle conditions are ! d 

1 portion of the potential flux being di- from what they were at the beginn: { | 

verted across the main gap and through at the succeeding quarter-cycle t : e ] p 

the disk. Denoting the several pole tips by opposite to what they were at th i 

the letters shown, Fig. 42-16 represents the the first interval. It will be obser | J 

field relations at each quarter-cycle. Thus, both the north and south poles mo’ ; im. 

it one instant, as the instantaneous value _ ressively in the direction from A; (1) 

of the current in the potential coil is a giving a shifting field in the air-gay ‘ tage 
a 

















apa vakos ls: 

















42-19 


Disk 


bines with the potential flux to produce a condition of true quadrature in th 
portion threading the meter disk. 
The control of the speed of a watthour meter has been explained in Section 
In the induction type of meter the eddy-current retarding torque is applied 
to the same disk as forms a part of the motor element. This fact of having onc 
ght of the 
compared 


armature perform a dual function has minimized the wet moving 
assembly and it has made its bearing friction almost negligible a: 
with that of heavier types. 

Though total friction in the induction-type meter is much less than in th 
ommutating and mercury types, it requires compensation. This is effected by 
slightly distorting the potential flux and introducing a small out-of-phas 
current 
in the current coils. In some forms this is accomplished by having copper loo, 
idjustable in the curved slots shown in the potential iron of Fig. 42-15. Many 
modern meters accomplish this adjustment by a movable copper plate in th 
ur gap beside the disk. 

The driving element, shown schematically in Fig. 42-15, is 
as one assembly, separable from the rest of the meter. A Westinghouse driving 
lement complete is shown in Fig. 42-17; and a General Electric el 
Fig. 42-18. Worthy of mention for interchangeability and ease of dismounting 
and assembling is the Duncan “Type MF-S” meter: Fig. 42-19 shows (at left) 
its base plate, supporting the driving element, and (at right) the frame carry 
ing the moving element, retarding magnets and register. This particular model 
a form now made by 


di mand 


component, so as to maintain a constant forward torque irrespective of 


manufactured 


ement 1n 


f Duncan induction meter is the new “plug in type” 
ull meter manufacturers, and for which there is a fast-growing 


11. Sources of Error in Induction Meters 


In the design of the induction type of watthour meter as described in 

eding section, there are several inherent sources of error; and much atte1 
tic has been given to the minimization of inaccuracies resulting therefrom 
The principal sources of error can here be treated only in the briefest manner 
ith mere mention of the basic cause of each and of the means ad ypted for its 
nhimization, 
(1) Voltage Error. A meter adjusted to read correctly at one value of 
ltage may have an error at another value. This may be traced principally 
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MANUFACTURERS’ 
NEW LITERATURE 


In this department we list each month the printed 
matter issued by manufacturers. Unless otherwise 
noted, any of the items listed may be secured free 
upon application to the issuing firm. Manufacturers who 
have not yet sent in their printed matter are invited 
to do so. 





( Taylor Rochester, The Fall 1934 
ie of th house organ contains the 
wit irticles Karly Weather 

rte Lon Range Weather Forecast 

! (‘Control of Moisture n Kiln br 
Lumber | Normal] Weather 
Mouth Soil Temperature in the » 
I or Instrument Co Rochester, N. ¥ 
i Time Switches. Bulletin 228 de 
ribe Stromberg-VParagon Time 
tehe ind Time Controls for auto 
matically turning electric circuits “on 
ind oft it predetermined times 
Stromberg Electric Co., 223 W. Erie St., 
i} is 111 
C5 Golden Jubilee Jena Glass 
Works. | h-Schurman Corp., 230 KE, 45 
St New York City have ivailable a 
iflet on the Golden Jubilee of the 
ibove 

(O06 Diamo-Brinell Hardness Testing 

Machine. Leaflet describes this new 
hardness testing machine which uses a 
pyramid shaped diamond indenter 


ittsburgh Instrument & Machine Co., 
1026 Reedsdale St., Pittsburgh, Pa 


(57 Bakelite Review. The January 
1935 ssue of thi house organ illus 
trate the u of Bakelite in the fol 
wing nstruments barometer, hy 
grometer, camera, pH tester and case 
or irgical instruments Bakelite 
Corp., 247 Park Ave., New York City 
(58 Iso-elastic, Leaflet contains in 
ormation on this spring material re 
printed from Product Engineering. John 
(hatillon & Sons, 85 Cliff St., New York 
*\ 


C59 Furnace Pressure Control. Leaflet 
illustrates the control and lists some of 
the applications. Leeds & Northrup Co., 

nton Ave Philadelphia, Pa 
C60 Tank-O-Meter. Leaflet describes 


1901 Ste 


in instrument for indicating the con- 
tents of 1 tank iny distance away 
Uehling Instrument Co., Paterson, N. J 
(Ol Eleetric Contact Draft Gages. 
Bulletin 2018 covers the new line of 
Hays “Draftrol” electric contact gages 
for indicating ind controlling draft, 
pressure and differential draft or pres- 
ure Hays Corp., Michigan City, Ind. 


Co2 Hydrogen ton Testing. List No 
} describes a method of pH testing 





which avo all difficulties met with 
testing ighly colored, turbid, vis- 
cous semi-solid mediums Pfaltz & 
Bauer Inc., 300 Pearl St., New York 
i it\ 
C63 Inspeectron Relay, Leaflet di: 


ribes the application of this relay to 
nspection devices in conjunction with 


ectroni tubes Electronic Inspection 
Laboratoric 942 Prospect Ave., Cleve 
ind, Ohio 

C64 General Radio Experimenter. The 
January issue contains the following 
irticles Monitoring of Broadcasting 
Stations, Variac applications in photog- 
raphy, Direct Reading Variable Indus 
tor General Radio Co., 30 State St 
Cambridge, Mass 

COS Glass Thickness Viewer. [’ubli- 
cation 218/2 illustrates an instrument 
intended for the measurement of the 


} 


thickness of glass sheet, plate, blown 
lassware tubes. ete Adam Hilger, 
L.td., London, N.W.1, England 


C66 Filter Paper. Bulletin lists va- 


ous grades of Munktells filter paper 
ind characteristics of these papers 
Price ire also included. E, H. Sargent 
& Co., 155 KE. Superior St., Chicago, Tl 
Cévy Immersion Pyrometer. Bulletin 
covers a self-contained instrument 

is n measuring the temperatures 
Molten brass, bronze and aluminum 
vrometer Instrument Company, 103 


lafavette St.. New York City 
C68 Humidistats, Bulletin K is a con- 
lensed catalogue of air-conditioning 
products of Julien P. Friez & Sons, Inc., 
Baltimore, Maryland 
Continued on page 80 
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to the damping effect of the potential flux on the disk. The disk is da 


not only by the permanent magnets but by any flux, whether unidir: 
or alternating, which may pass through it. A change in the total value . 


from the potential iron may therefore change the damping to an extent 


ient to affect the operating characteristics of the meter. The general ter 
would thus be for the meter to run slow on high voltage. The effect « 


ource of error is minimized by designing meters to have a characterist 


slow disk rotation; and by careful design of the magnetic circuit it is p 


to make use of the varying saturation intensities of different portions 


iron to compensate further for such voltage errors as may tend to appeai 


(2) Overload Error. In a manner similar to that of the potential flu 


magnetic field from the current element tends to increase the damping 
and retard the meter disk as the current value is increased. Rapid incr 
the magnitude of domestic loads in the past decade have made it parti 


Important that meters maintain their accuracy Over a wide range of « 
| 


values; and the older types of meters have been found to be notably det 


in this regard. All modern designs of induction meters have compen 
usually in the form of a magnetic shunt which becomes saturated at 
current values, diverting a greater proportion of the flux to aid the 
torque and thus offset the abnormal damping effect. 

(3) Power Factor Error. As has been pointed out, it is essential in 
that the speed of a meter shall be proportional to the power at all vali 
power factor, that the potential flux maintain a state of true quadratur 
the applied voltage. The manner of effecting this by means of a “laggin 
has been explained in the preceding section. 

(4) Frequency Error. The lagging coil provides a quadrature relati 
the potential flux for only one value of frequency. In some of the 
designs there was provided an adjustment whereby the true quadratur 
tion might be obtained for any one of several frequencies; but the wid 
standardization of modern power systems to a few definite frequency 


has rendered this practically superfluous; so that the accuracy of a met 


any frequency other than that for which it is designed and adjusted may 
erally be ignored. 

(5) Wave-form Error. Errors due to distortion of wave form are 
associated with frequency errors. A departure from a true sine wave n 
treated as the superimposition of a higher frequency on the system, s 


though a complete analysis of wave form effects becomes an intricate prol 


the general result is akin to that of an increase of frequency, and in 
designed modern meters on commercial systems may generally be negk 


The only perceptible tendency under distorted wave forms where the distort 
is not extreme is for the meter to run slightly fast on lagging power factor 


(6) Temperature Errors. Varying temperature conditions may be 1 
sible for two types of error in induction meters. Changes in the ele 


resistance have little effect on the accuracy; and variations in the resist 
of the disk affect the retarding torque to the same extent as the driving tor 


and are thus self-compensating. The principal source of temperature er 


unity power factor is found to lie in changes in the damping magnet 


modern meters this is compensated for either by the use of a temper 
sensitive material (bimetallic strip, etc.) arranged to shift a magnet o1 

of the magnetic system and thus to vary the retarding torque, or else | 
use of a magnetic shunt made of material varying its permeability wit! 
perature and diverting more or less of the main flux from the metet 
By varying the electrical resistance of the potential lagging coil, tempe: 
changes tend to introduce at low power factors errors which may be 
erious than those at high power factors. There have been developed 

methods of compensating for this source of error, one of the most ef! 
heing to “over-lag” the potential iron with a coil having a relative! 
temperature coefhcient, and then to provide on the pole tips of the 

coil a lagging by means of a coil or ring having a relatively high coet 
Thus, as the potential flux tends to be thrown out of phase by resis 
changes in the potential lagging coil, the current flux is shifted throu 
angle sufficient to compensate for the change. It might be said “why not 
the lagging coil of material having a zero temperature coefficient?” It is 
remembered that all such alloys have a high specific resistance, so that 

of such material having sufficient conductivity to provide the necessary 
ging current could not be accommodated in the limited space available 

sequently in this type of lagging use is made of a metal having an intern 


characteristic, such as phosphor bronze. 











1 


INSPECTION | 
and TESTING | 





; 


CONTOUR PROJECTOR IN GAGE DEP’T OF PRATT & WHITNEY CO., HARTFORD, CONN 











Materials ‘Testing Machines 


An Account of Their Development, with Special Reference to the Tension-Compression-Transverse Group 


By C. H. GIBBONS* 


In 1872 a commission of American engineers memo 
rialized Congress and urged on the United States Gov 
ernment the necessity for complete materials strength 
data on American iron and steel. The Congress appointed 
a board consisting of Lt. Col. T. T. S. Laidley, U.S. A., 
President; Commander L. A. Beardslee, U.S. N.; Lt. Col. 
q. A. Gilmore, U. S. A.; David Smith, U. S. N., Chief 
Engineer; W. Sooy Smith, Civil Engineer; Alexander L. 
Holley, Civil Engineer, and R. H. Thurston, Civil Engi 
neer, Secretary, to make investigation and, since no 
adequate materials testing machine was available, appro 
priated fund for the construction of such a testing ma 
chine. After investigation, the board, on July 19, 1875, 
contracted with A. H. Emery, of Chicopee Falls, Mas 
sachusetts, for the construction of a precision testing 
machine of 800,000 lbs. capacity in tension, and 1,000, 
000 Ibs. in compression and large enough to acce pt speci 
mens up to 30 feet in length. It was to be completed in 
five months. The specifications were unheard of in their 
lor example, after a test under full load, it was 
necessary that without adjustment, a test requiring a 
very light load be made with precision» How well this 


rigidity. 


particular requirement was met will appt ar! 

This machine, long called “the United States Testing 
Machine,” was built by Ames Manufacturing Company, 
of Chicopee Falls, Mass., under the personal direction 
of Mr. Emery. Castings were made by the South Boston 
Iron Works and steel and iron forgings by the Nashua 
Iron & Steel Works. The total weight is about 175,000 
lbs. and the was $31,500.00. Erection, 
foundations, heating and a traveling crane increased the 
cost to the Government to $43,004.52. It is said that the 
twice the 


purchase price 


machine cost the contractor no less than 


amount paid by the Government. Colonel] Laidley, presi 
1879, “The 


dent of the board, said in a report, June 30, 





Fig. 26. The famous Emery testing machine at 
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machine is more perfect than we had any right to « 
from the terms of the contract. The board is of the 
ion that the Government should, under the circumst 
come to the relief of Mr. Emery and not allow | ; 
. <a a 
suffer so severely for his unusual devotion to its interes} x 
This famous Emery Testing Machine was insta 
the Watertown Arsenal, Watertown, Mass., early in [879 
and was accepted for the Government by Colone! | 
on February 8, 1879.’ It stands there today afte: 
than half a century of continuous and satisfactory 
vice, one of the largest and most precise testing n 


in the world, and a monument to the mechanical! 


of Mr. Emery. Fig. 26 gives an idea of its appea in | 
The ram is 20” in diameter and has a stroke of 24” Chi 
The cylinder is lined with copper and the ram is d 000 
cup leather packed. Sperm oil was used for the hyd Col 
fluid. The gf,” diameter screws were true in d not 
within 1/1,000” and were threaded with a tr t by 
thread, two per inch. They are 50” apart, allowing ran, 
ample access to the specimen under test. Center | acct 
machine is 47” above floor level. Overall multip inc] 
ratio is 420,000 to 1.°°°"* « ‘| 


diameter and bd | ing 


ter hydraulic plungers, double acting, furnished hyd 


A steam pump having 11,” 


oil under pressure to a special double accumulator der 


SO : 


ing two rams, concentric with each other, one bei: 


2 1 } thro 


. . . ~ a sg a 
in diameter and one being 51% in diameter. Bri 





masonry piers in three sections furnished the a ant 
lator weight and the arrangement was such that Fig 
sures varying from 380 to 3,400 lbs./in.” were sure 
able.”* prec 
The main cylinder ram (or piston, since it is d rel 
acting) is forged from one piece, the head being or 0 
ind 
Engineerin: London, Vo , Mar 28, 1879, page 267, ry 
ra Annual Rep ( on 
U.S. Art oe 
bare 
pec 
ng 
sion 
was 
iS 
with 
Ise ( 
the ¢ 
were 
know 
184] 
fails 
; In 
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the Watertown, Massachusetts, arsenal, 1879. ; 
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Fig. 27. An Emery weighing capsule. 


in diameter and the piston rod being 10” in diameter 
Thus the actual loads available are of the order of 800, 
000 Ibs. in tension and 1,000,000 Ibs. in compression. 
Compression specimens up to 30 feet length and width 
not exceeding 30”, tension specimens up to 37 feet, and 
by special arrangement and with a somewhat limited 
range, tension specimens up to 45 feet in length may be 
vccommodated.”” Testing speeds can be varied from 1 
inch per minute to 1/30,000” per minute. 

This famous testing machine has at least two outstand 
ing unique features. One of these is the use of the 
hydraulic support, which is essentially a shallow cylin 
der having a loose fitting piston and a metal diaphragm 
$0 arranged that the load on the specimen must pass 
through a thin film of liquid trapped between the piston 
and diaphragm) and the bottom of the cylinder. See 
Fig. 27. An accurate measurement of the hydraulic pres 
sure in the support, then, gives as a result of a previous 
precise calibration, the actual load on the specimen en 
tirely independently of the pressure in the main cylinder 
or of the packing friction or of any of the usual losses 
and inaccuracies. This was, in association with the auxil 
iary hydraulic support in the weighing scale, a combina 
tion of the idea of Thomasset with that of Maillard—a 
large hydraulic support accepting the full load from the 
specimen under test and in series en route to the weigh 
ng scale another hydraulic support of smaller dimen 
sions. In effect, this introduction of the auxiliary support 
was the introduction of a hydraulic lever of large ratio 

is Thomasset had introduced a mechanical lever 
without any of the disadvantages of knife-edges or of 
very short lever arms. The other uniqu’ feature was the 
ise of flexure plates in place of knife edge Ss throughout 
the entire mechanism wherever small rotational motions 
were necessary. (Fig. 28.) This latter idea was not un 
known, having been suggested by Weber at Gottingen in 
1841 and by M. Taurines in 1867, 
fails to reveal that the idea had ever been applied. 


but careful search 
In the Watertown machine are four hydraulic sup 
ports arranged in parallel and each accepting a shar 
01 the total load."* Pressure from these supports is taken 
by four auxiliary supports of ess« ntially the same con 
struction as each of the four first 
smaller dimensions. In effect, this is the introduction of 


mentioned, but of 


an hvdraulie lever of fairly large ratio and entirely 
Without frictional losses. A le ver system employ ing 
flexure plates (Fig. 29) completes the weighing sys 


tem with an overall ratio of 420.000 to 1; that is, one 





Fig. 28. Flexure plate construction of a Southwark-Emery test 
ing machine. 


pound in the scale balances 420,000 Ibs. in the machine, 
AA 

and conversely 1 10 movement of the scale produce 

1 4,200,000 movement of the load Che weights 


use with the scale are of brass to assure permanence 


weight. Later machines used gold-plated cast iron 

weights 
The flexure plates in the seale vary from 0.0047 ti 
ae : | 

0.060" in thickness and the unsupported length is fron 
‘iA Ad . 

0.17 to 0.20. Some are in compression and some are in 


tension. Loads are held to about 50.000 Ibs. in 


As a part of the acce ptance test. a forged link of hard 


wrought iron was broken at 722.800 Ibs. Diameter b 
fore test was 5.04” and after test was 4.98”. At on 
and without ad justme nt, a horse-hair 0.007” in diam 
was slowly strained and after stretching 3007. was 
broken at on pound ind the load idequate ly ndicated 
by thre S¢ ale ' Subsequent tests on bits of the horse-h ! 
by dead weights broke at one pound also Masses of 








Fig. 29. An Emery weighing scale. (Courtesy National Bureau 


of Standards.) 
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Fig. 30. An Emery capsule calibrating machine. 


metal loaded to 1,000,000 Ibs.. alternately with 


eggs and with nut shells, and in 


were 
all cases the machine 
operated with equal sensitivity. 

pressure in the 


in the grip 


Gages were provided both for the 
straining cylinder and for the 


closing cylinders. ‘These were unique in that they, too, 


pre ssure 


were essentially hydraulic supports, the load in an auxil 
iary cylinder in the gage being made to operate a hand 
moving over a dial face instead of a reading by balancing 
i lever. Moreover, the internal construction contained 
levers with flexure plates, the necessary resistance being 
supplied by stiff leaf springs, and the hand being re 
turned to zero by a light hair-spring. Zero adjustment 
was also provided.” 

As a further test of the great accuracy of the machine 
and before final acceptance by the Government, it was 
arranged as a balance; that is, a weight measuring de- 
vice. In seven weighings of 100 lbs. the greatest ob 
served difference of reading was 1 1,750,000 of the load 
just over 6 grains) and of nine weighings of 200 lbs., 
1 2,350,000 of the load (just under 10 grains). 

The late W. C. Unwin, then Engineer 
ing, Central Technical College, of the City and Guilds 
of London, later president, Institute Civil Engineers, 
ind president, Institute Mechanical Engineers, states.*' 
“The ingenuity displayed in the mechanical arrangement 
of these machines, the perfection of their workmanship 
and delicacy and precision of their indication of the 
are so remarkable that it 


Profe ssor of 


smallest differences of stress 
is difficult to speak of them without seeming to exagger 
ate.” And again,”’” “The merit of the Emery Machine 
was that while it had been made as much more delicate 
and sensitive than an ordinary machine as a chemist’s 
balance was in comparison with a grocer’s scale, this 
result had at the same time been obtained by means 
which rendered the more sensitive machine less liable to 
injury, less liable to wear and less liable to get out of 
order, than the ordinary machine.” 

In a machine whose precision is of the order of that 
indicated above, calibration becomes a problem of a mag 
nitude equal to that of the design and construction of 
the machine itself. In order to calibrate the hydraulic 
supports and weighing scale, a special machine was built 

essentially that of Fig. 30). A 50-lb. weight was cali 
brated at the National Bureau of Standards, to within 
one part in 800,000. A weight of 10,000 lbs. was then 
made whose accuracy was of the same order, the 50-lb. 
weight being used as the calibrating device. The cali- 
brating machime, as may be seen, is essentially a weigh- 
ing machine using the same principles as those of the 
testing machine, and having a hydraulic support and a 
scale with auxiliary hydraulic supports, levers with flex- 


65Batson & Hyde. Mechanical Testing. Vol. 1, 1922 
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ure plate fulera and gold-plated cast iron weight 
10,000-Ib. weight previously calibrated, as noted 
was placed on the platform and the scale balance 
weight was removed and by means of special jack 
brought to balance. The 10,0 


scale was again 


weight was then added and the scale again ba 
This was repeated up to the full capacity of th 
brating machine, which in the case of the United 
Testing Machine was 1,000,000 lbs. (compression ). | 
four hydraulic supports intended for the mac! 
Watertown were then placed on the platform ar 
nected to their own scale and, after adjustment 
calibrating scale for their weights, loads were 
by the jacks and the testing machine scale cal 
with the master calibration scale. 

The great accuracy and sensitivity of this latte 
brating device is worthy of note. There are thre 
forms, one of 500,000-lb. capacity, one of 5,000 
one of 500-lb. That is, the 
by the substitution of one platform for another, t! 
weight in the scale which balances 1,000 Ibs 
500,000-lb. platform, balances 1 lb. on the 500-] 
form. Using the 500,000-lb. platform and ha 
loaded to capacity, the addition of four ounces w 
the scale. Two hundred grains (1/35 Ib.) laid 
500,000-lb. platform moves 20,000 lbs. of weighi: 
tem and moves the tip of the scale beam 1/50 inch. ( 
half grain (1/14,000 lb.) turns the scale when using t 
500-Ib. platform. Provision is made for changin: 
sensitivity of the scale, which may be further in 
over that indicated above. It becomes, of course, 
ingly difficult with increasing sensitivity to balan 
scale, and it is therefore necessary to balance thi 
for the utmost sensitivity against convenience 


lever ratios are so « 


vice.” 


6Catalog of W1 Sellers & Co., 





Relays Find Applications on Aircraft 


( , nueéed ron é I) 


the voltage regulator may maintain the upper li 
isfactorily, a lower voltage limit is best mainta 
the reverse current relay. 

The current limiting relay has not had as w 
adaptation in aircraft as the voltage regulator and t 
reverse current relay, but it serves as a_ prot 
against short circuits and in limiting the maxim 
rent. In the event of failure of the reverse curren! 
there is an added safety in the presence of the 
limiting relay, as it prevents high circulatory « 
constituting a fire hazard. Protection against ov 
might be necessary where a dynamotor is oper 
the generator. In this event the current limiting 
is a necessary precaution. Should small motors 
on aircraft, it is a certainty that current limiting 
will be regarded as indispensable. 

A typical arrangement of the three relays is s! 
Fig. 2. They are installed on the low-voltage c 
a typical aircraft generator. While it is not the 
use all three of them, whatever combination 
employs the voltage regulator. The resistance 
the functioning of the voltage regulator are shov 
other important feature is the regulating dey 
accompanies each relay, extremely necessary, by 
of the state of vibration of the airplane as det: 
to constant setting. 

The relays are built into a small compact unit 
as a control box, weighing about 5 lbs. with all 
lays included. This control box is provided with 
and an effort is made to make it water-tight and 
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the units against corrosion. Moist sea atmosphere be ing 


a particularly corrosive agent, the materials used in the 
construction of the relays must be highly resistant to 
corrosion and contacts of dissimilar metals must b 
arefully avoided. The contact points of the relays, in 
particular, should be very resistant to corrosion. Plati 
num-iridium alloy has been used to minimize corrosive 
effects on the contact points, though periodic cleaning 
and inspection is advisable. 

The completely enclosed box not only makes for 
water-tightness, but also functions as a shielding for 
minimizing radio disturbances that emanate from thx 
rapidly vibrating contacts of the regulator. Connections 
are made to the control box through standard shielded 
terminal housings, adaptable to standard conduit. A 
small condenser is sometimes placed across the vibrator 
contacts to minimize radiofrequency disturbances. It b« 
comes necessary on the reception of faint radio signals 
to eliminate the slight disturbances originating from the 
operation of the generator. In this event, the field cir 
cuit of the generator is broken by some convenient 
method, serving to prevent the generation of electrical 
energy. Besides, should the relays become inoperative, 
a suitable method for stopping the flow of electricity is 
desirable. 

Inasmuch as the shocks and the vibrations of the air 
plane may influence the operation of the relays, the 
control box should be so mounted as to minimize exter 
nal vibration. As close regulation of voltage is impera 
tive, care and consideration in the handling of this 
equipment is paramount. 

In considering the electrical equipment that is to be 
serviced on airplanes and its importance to aviation, on 
can understand the need for proper regulation and con 
trol of the electrical energy by the relays. 


Instrument Scale Distribution 
(Continued from page 60) 





8N. N. Ponomarev. Error Curves of Electromagnetic Measuring I) 
struments with More than One Range of Measurement. (In Russian.) 
Eli hestvo, October 1930, pages 801-3. Demonstrates that the error 
curve of an instrument with an evenly divided scale must be a broken 
line and derives a relation between the error curves of the same instru 


for different ranges of measurement. 
'G. W. Stubbings. Commercial A-C. Measurements (book). Van No 
trand, N +, 1930. A-C, Ammeter Scales, page 73. Wattmeter Sca 


pap 112. Brief discussion 
1929 
British Electrical and Allied Industries Ass’n. Permanent-magnet 
Moving-coil Ammeters and Voltmeters. Electrician, London, Vol. 10 


March 8, 1929, pages 287-289, Easily read scales, page 288. Condense: 
r report by the Association. 

1928 
Keinath. Die Technik Elektrischer Messgerate (2 Vols.), Oldet 
Miinchen, 1928. Considerable material on scales. Vol. 1, page 
25, 182, 304, 307. 


bert. An Electrodynamometer with Nearly Uniform Scale I 





Ge Elektrotechnik und Maschinenbau, Vol. 46, April 22, 1928 
pag 374, 

; '927 
Re igcumbe and F. E. J. Ockenden. Some Recent Advances it 
, plating-eurrent Measuring Instruments. Journal of the Institutio) 
< trical Engineers (London), Vol. 65, June 1927, pages 553-99 


ales, pages 554-55, 


MF. Vol 1924 
aoe ae ler, Ammeter scales and a new overload-proof ammeter. (In 
P ra _Elektrotechnische Zeits: hrift, Vol. 45, December 18, 1924 


Pages 405-7. S¢ tence Abstracts, Sec B, Vol. 28, 1925, page 194 Ak. 
ract-translation, 
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PRESSURE GAUGES of 
EXTREME PRECISION 











You tain HEISE B I | 
Ga by tl aker ie F j f 
Emer Test Macl s. The first 
designed by Otto W. H 
indi ator 
For ext 4 iracy th y . 
the laborator f the A. H. I ( I sea 
rotatit jial as supplied by the H. | ( 
If r t read pressures itel rif 
gauges only for lak t t k F 


come first 


HEISE BOURDON TUBE LABORATORIES 
275 NOBLE AVENUE BRIDGEPORT, CONN. 
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C69 Littelfuse Products, Catalog No 
’ 


6 cove the complete line of fuses and 
their varied applications in aircraft, 
lio, instrument 1utomobile, marine, 
lat itor te (Characteristics and 
p es are given, Littelfuse Laborator- 
it 1507 Ravenswood Ave., Chicago, I] 
C70 Counters, Bulletin illustrates and 
rive dat on 4 different counters for 
is¢ 1 production. Ohmer Fare Register 
«* Dayton, Oh 
C71 Tester for Varn Creepage. R¢ 
pr from extile Research describes 
in instrument for this purpose. Irving 
J. Sax Central Falls, R 
C72 Thermometers, Bulletin L cov- 
room thermometers, pocket ther- 
mometers, maximum and minimum 
thermometers, test and research ther- 


mometers, industrial thermometers, Ju- 
lien I’. Friez & Sons, In Baltimore, 
Md 

(C73 Condensers. Lulletin gives data 
number of glass condensers for 
use. E. H. Sargent & Co., 155 
Chicago, Il. 


on i 
laboratory 
Kk. Superior St., 
C74 Furnace Pressure Control, Leaf 
let F-129 gives a diagram of the L&N 
pressure control which shows the sim- 
plicity of the system, Leeds & Northrup 
Co., 4901 Stenton Ave., Philadelphia, Pa 
C75 Electro-hydraulic Temperature 
Regulator. Bulletin 1003-12-34 describes 
the principle of operation and the con- 


struction of this new development of 
the Wilbin Instrument Co., 40 East 
S4th St., New York, N ‘ 


C76 Crystal Microphone, Folder Type 
G gives the technical information on 


this erystal microphone. Turner Com 
pany, Cedar Rapids, Iowa 

CT7 Torque Dynamometers. Leaflet 
describes an instrument of the hy- 
draulic absorption type for the meas- 
urement of torque and horsepower 
Torque Products Co., 875 Lake For- 
est Ave Milwaukee, Wis 

C78 Hot Wire Anemometer. Mimeo- 
graphed bulletin describes the hot wire 
inemometer, Albrecht design, for meas- 


uring smallest wind velocities. R. Fuess, 
Inc., 245 West 55th St., New York, N. Y 

C79 Research Direct Pressure Engine 
Indicator. Bulletin 130 describes this 
instrument for single pressure-time 


diagrams. Bulletin 134 describes addi 
tional equipment for this indicator 
Commercial Engineering Labs., Wood 
ward Ave Detroit, Mich 

CRO Lightning Calculators, Form 
A-CE describes several models for ra 
dio design calculations. Lightning Cal 
culator Co., Bogota, N. J 

(Sl Laboratory Microscope. Leaflet 
D-187 describes and illustrates the HH 
microscope for elementary laboratory 
work Bausch «& Lomb Opti il Co 
Rochester, N. ¥ 

CS2 Thermostatic Bimetal, Handbook 


on Truflex thermostatic bimetal just 
published by the General Plate Com 
any 411 Forest St Attleboro, Mass 
Here it one convenient book are 
ummed up ind presented in usable 
rr facts about every type of bimetal 
LON mn use This book also contains 
charts fo. rapidly calculating the 
proper bimetal elements to accomplish 

desired results 
CS3 Struthers Dunn Products. olde! 
ied by Struthers Dunn, In 139 
North Juniper St., Philadelphia, Ta., 
gives bird's eve description of their 
entire line of relays, timing devices 
electri counters thermostats, electric 

pots and ladles 
CS4 Flew Indicating Meter. This in 
trument, for the indication of small 
ras flows in setting gas refrigerators 
pilot lights, in studying 


idjustin 
leakag ete., is covered in Bulletin 
Pittsburgh Equitable Meter Co 
100 Lexington Ave., Pittsburgh, Pa 


CS5 Carbon Monoxide Alarm, Bulletin 


1ae9 


DR1 describes in detail the M. 8S. A 
irbon monoxide alarm, also deals with 
the vital matter of carbon monoxide 


| 

po ad Mine 
Braddock Ave & 
burgh, Pa 
Feed 
bulletin 


Safety Appliances (« 
Thomas St., Pitts 


Water 


Regulator. A_ 16 
entitled “B 


pailey Feed 


Water Regulators” and designated as 
Ni 838, deals with thermo-hydraulic 
feed water regulators, lists distinctive 
features, diagrammatically illustrates 
the principle of operation by the 
thermo -hydraulic generator Bailey 
Meter Co., 1050 Ivanhoe Road, Cleve 
land, Ohio. 
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NEW INSTRUMENTS 





In this department we strive to report each month ALL the new dovice; 


for measurement, inspection, testing, metering and automatic control- 
form of concise technical descriptions. 


When writing to manufacturers directly, please mention this departmen} 


as your source of information. 


Or write to information Section, Instruments Publishing Company. 





Vapor-pressure Gage 

Several features seldom found in pres 
sure gages were incorporated in the de 
sign of the Co.’s new “Vapor 
‘Tension Test Gauge” in order to obtain 
the degree of ac 
curacy necessary 
in vapor 
determination. 
Makers guarantee 
an accuracy of 
0.5% of full 
at any point. Dial 
is rotatable over a 
small angle, for 
convenience in zero 
adjustment—which 
is said to require 
only a few seconds 

and to avoid 
of even touching the pointer. 
Bourdon spring and all movable 
cadmium 


Foxboro 


pressure 


scale 





necessity 
The 
parts are of bronze, heavily 
plated. Other features are an Everdur 


Hair Spring, a buffed brass case with 
the glass held by a heavy Vellumoid 


gasket secured by a retaining ring. A 
second gasket inside the connection makes 
the completely waterproof. A 
square, rust-proof steel connection pro 
tects the gage from twisting strains when 
mounting and = dismounting from the 
bomb. _ 


gage 





Calculators for Radio, 
Wire Data, etc. 


Four new models, announced by Light 
ning Calculator Co., consist of 6-ply 
backs to which are fastened one or more 
rotatable dials and one celluloid hairline 
indicator. (1) Model SWP for radio: 
wavelength, frequency, capacity, coil 
diam., length, wire sizes and wire 
turns. (2) Model WDP for wire data: 
diam. in circular mils, sq. mils, 
weight, turns/in., turns/in 


coil 


mils, 
resistance, 


r SF] 





ee, 





ete. 


(3) 


nickel, 
Model OLP for Ohm’s Law. (4) Model 
LCP for resonance: capacity, inductance, 
reactance and frequency. 


for manganin, silver, 


Torsion Impact Tester 

In the Carpenter Torsion Imp | 
ing Machine (/nstruments, D 

page 225) the energy available f r¢ 
ing the specimen was limited t 





500 ft.-Ibs., and the size of the 
to 1," diam. Demand for a machine 


greater stored energy, to bre 
mens more nearly equal in din 
the service part, has led the 
Southwark Corp. to build a 
chine with a stored energy 
times that of any such 
ously built. It has available at | 
50,000 ft.-lb. of energy—sufficient 
any known steel (under conditi 
ally obtained in such tests) ii 
diameters up to 1” diam. Its 

are identical with those of the 
machine described in our Dec« 33 
sue, but a high-grade W« 
magneto type tachometer ha 
corporated. 


machi 





Hot-wire Anemometer 

For measuring air speeds br 
mum points of ranges possibl 
types, this Albrecht anemomet 
duced by R. Fuess, Inc., is 
that the “velocity” scale is fair! 
except in the upper part whe! 
up. The mid-point correspond 
(appro 


new 


speed of 500 mm./sec. 

sec.) below which this 
seems to be most useful. It is 1 
mended for measuring air sp 
15 ft./sec. Principle. Two of for 
(D) are electrically he 
through the other pair flow 
measuring current which effe 
preciable heating. Difference of 
ture is an inverse function of 

being greatest in still air. Di 
resistances —a function thereo 
ured by a double Wheatston 

“precision mangin rheostats” 

tive mirror-scale galvanomete! 


wires 


accuracy is said to be assur 
vances in design and const 


cluding absolute uniformity « 
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Photo-optical Bench 
\ narts and accessories are an 
‘by R. Fuess, Inc., whereby this 
‘s Universal Optical Bench (see 
Inst ents, Sept. 1933, page 180) can 
"i ted to meet the most exacting 
3 ements of photography, the user 


me oying his own small camera (Leica, 
® Cont ete.), thus taking advantage of 
= fully-corrected anastigmats and avoiding 
B expense of special lenses. New camera 
q sul port has complete tilting and pano 
= rama facilities and will take almost any 
cize camera. Its rider has a_ vertical 


micrometer adjustment. Camera can thus 
he moved in three planes, and securely 
® locked in place. Vee troughs are used 
: ly or in pairs to support lens exten 
20 em. hori 





P sing 


sion tubes. Stage has 12 > 





Mimature Camera ~. 


lens Extension 
b 
: { | « / 
7 > ‘ 





Se 


yontal surface, also two grooved posts 
for supporting ground glass (furnished), 
Fopal glass, opaque background, masks, 
etc. Beneath it are mounted two uni 
versal-motion lamp-holders. Motion of 
‘stage in direction of bed is by microme 
ter screw operated by flexible shaft. Nu 
merous different set-ups are possible for 
ratios between 1:4 and 200:1. 





Bay or te 





Stress-Strain Recorder 
for Testing Machines 


The consulting staff of the Baldwin 
PSouthwark Corp. have designed a new 
stress-strain recorder as a substitute for 
the Southwark-Emery Stress-Strain Re 
icorder and Recorder Controllers wherein 
fa bourdon tube and associated mecha 
Pnism control the rotation of the re 
Pcording drum and strain controls the 
etransverse pen motion through a Good 
pyear-Zeppelin (or Templin) type ex 
Ptensometer, as described at length in 
SInstruments, April 1933, pages 90-91 
plhe price of such a recorder is some 
nearly equal to that of the testing 
Mmachine itself. Therefore, a new “Weight 
= Motor” type of stress-strain recorder 
has been brought out primarily for ap 


plication to the Southwark-Heydekampf 


Wtype of testing machine but by adapta 
Ption available on other types. The load 
Hmovement of the recording device is 
Vadirectly controlled from the load indi 
cating mechanism while the strain motion 
Mis controlled through a Goodyear-Zeppe 
min (or Templin) type extensometer, a 
solenoid-actuated 
@>rake which controls the fall of a weight 
S(whence “Weight Motor”). It is said 
Sthat records can be made nearly equal 
fn smoothness and accuracy to those of 

he other type. The limiting factor 


(shortening lengths of steps of the rec 
rd) is the adventitious variation of 
Periction in the recording unit drive. 








Crystal Oscillator 
A new crystal oscillator unit developed 
by the Westinghouse Electric & Mfg 
Co. for municipal 


ind police radio in 
stallations is said to be characterized by 
high frequency stability, compactness 
and accessibility It consists essentially 
of an aluminum casting into which the 
crystal oven, oscillator circuit and oscil 
lator tube are placed. The front of the 
oscillator contains two handles, a ther 
mometer, a frequency adjustment and a 
Type 10 voscillator tube set into a de 
pression so as not to protrude. The 
crystal oven is insulated with balsa wood 
and capable of temperature constaney to 
£O.08°C. The crystal is contained in a 
heavy metal holder, the electrodes of 
which are spaced with quartz. The left 
section of the unit contains the oscillat 
ing circuit coils, condensers, and resis 
tors. Frequency 
a miniature variable condenser connected 
in the oscillating cireuit and arranged to 
give only a few cycles plus or minus 
from the base frequency of the crystal. 
Top and bottom aluminum plates com 
plete the shielding 


idjustments consist” of 





Psychrometer with 
Motor-driven Fan 


Klimination of errors due to varying 
air circulation (which may amount to 
30% of the humidity determination) is 
accomplished by using a motor-driven 
fan to draw in a con 
tinuous sample of air 
past the wet- and dry 
bulbs of a new psy 













chrometer announced by 
the Johnson Service Co 
\s may be seen, it is of 
a modified Assmann type, 
with a mouth to which 
may be attached a sam 
pling tube drawing air 
from a duet or appara 
tus difficult of access. It 
can be used in many 
places where the sling 
psychrometer cannot — be 











long, etche ad 


used. Thermometers are 8” 
stem, of red-reading mercury form, range 
30 to 110°F. divided in single degrees 
Other thermometers optional. 








CS7 “Kine Finishes Make 
ucts” is title of leaflet cove 
stainless steels. Summary of product 
Americar Rolling Mill ¢ 
Middletown, Ohio 

CSS Phototube Relay. Hulletin | 
data on Miles phototube relay A} 
eations ire listed M pl ( 
(“o Inc., 112 West 14th St New Yor 
N. ¥ 


CS? Maximeter and Maxipoint. [u! 


Fine Prod 


letin describe the Maximete! in 
trument for determination of hardne 
ind Maxipoint, a system of heat tr 
ment control. Greenlee 31 «& 


Rockford, Il 
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CO? Thermostatic Steam Trap. 


leaflet on a trap for tead fu 

tuating pressures 0-200 Ib List | 
ipacities, dimension ind pa 

price ire tabulated Sat ( 


183. Madison Ave New York, N. ¥ 


(0 Meter for Flow, Temperature and 
Pressure. §-pawe folder DME650 lt 

eribes inew met fo. nivel 
plication, Features 
Co Foxboro, Mass 


(94 Portable Pyrometer. | 


ire ted he 


lustrates the Hold-Heet 

nee Range ind price 

Russell Electr & 1 W H 
Chicag Il] 

C9 Ohmite News. | 

ontain 1 de riptior f new ! 
trically ontrolled rheostat Ohi 
Manufacturing © 636 N t! \ 
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COO Bleetrodialysis Cell, bu 


Ve data on the or i 7 nad 
ration of the modified Matt ce 
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iiture, Bureau of Chemist nd 
American Instrument (Co It 


Girard Ave Washinxrtor ey, 4 
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Motor Sequencing System 

New Type L560 Control announced by 
Minneapolis-Honeywell Regulator Co. is 

float-actuated electric switching system 
for starting and stopping constant speed 


«pp 


\ eae 


&& 





pump motors in 
equence Modi 
fications, of the 
same general 
construction, 
ire ipplied to 
control of vari 
ible-speed pump motors or of a 
combination of variable- and con 
tant speed motors. It is used in 
i system where liquid flows at 
rates into a collecting 
draw liquid 

pumps of 


\ triable 





tank and pumps 


from tank. Several 
different capacities are usually 
employed ind new control sys 
tem cuts in or out pumps in 


proper sequence to provide re 





quired combined capacities con 
sistent with the inflow to tank 
consists of: (1) glass float; (2) sheave 
ind shaft float: stainless 
steel tape; (3) shaft on which are mount 
ed a series of cam disks, each carrying 
one or more cams depending on pumping 
(4) speed-reducing mechan 
ism: provides means of adapting for 
iny depth of tank by applying proper 
rear ratio; (5) adjustable lost-motion 


System 


revolved by 


4 ences ; 


clutch between driving mechanism and 
disk shaft: provides differential between 
cut-in and cut-out; (6) Rocker-arms, 
ete.; (7) enclosed mercury switches; (8) 
set of transfer plugs and receptacles to 
(9) adjustable ten 
sion spring, serving in place of a counter 
balance, for revolving cam shaft when 


transpose sequences ; 


float rises. 





Diffuse Illumination 
Color Comparator 
and Reflector 


Originally designed by Priest, Lange 
ind Judd in Colorimetry Section of 
Bureau of Standards where it is ex 
tensively used for reflection measure- 
ments and for comparison of colored 
objects, this new instrument, by apply 
ing suitable filters (red, green and blue) 
has proved also to be an efficient device 
for tri-chromatic color analysis. It is 
now placed on the market by Akatos, 
Inc. Equipment consists of a stand with 
sample holder, an illuminating sphere 
ind Martens Polarization Photometer. 

lriangular stand is equipped with a 
rack and pinion movement R for raising 
ind lowering sample stage 7. Special 
holder H can be provided for holding 
sample S and comparison standard St 
idjacent to each other, by means of 
spring plates whereby proper position 
for illumination and measurement of 
sample is obtained. Diffuse illumination 

is obtained by integrating sphere J, in 
side wall of which is coated with mag 
nesium oxide. Four 6-volt bulbs FI! of 
shielded-filament type are used fer in 
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direct illumination: only light reflected 
from sphere wall falls on test object. 
Martens Polarization Photometer Ph fits 
into a draw tube in such manner that it 
can be adjusted for focus of object or 
being brought out of focus. Lens L 
serves for focusing. Prism arrangement 
P, for using sphere wall as a comparison 
standard for reflection measurements (as 
indicated ty dotted lines of path of ray) 





is mounted into a metal slide which can 
be withdrawn from optical path for 
measuring reflection also against a stand 
ard outside the sphere, placed adjacent 
to the sample. 


Hot Water Meters 


Three to ten times longer life is 
claimed for new model “Niagara” hot 
water meter of Buffalo Meter Co. Fea 
tures are (1) a non-metallic nutating 
disk with internal metallic reinforcement 








to give adequate strength, (2) weight- 
carrying bearings of self - lubricating 
type, (3) submerged gears carried on 
jewel bearings. New model comes in all 
sizes from 4,” to 6” and is suitable for 
“all heated water-base liquids.” Modifi- 
cations are available for high pressures 
or temperatures, strongly acid or alka- 
line liquids, ete. 





Electrostatic Voltmeters 

Additions to line of electrostatic volt 
meters announced by Ferranti Electric, 
Inc. include (1) instruments with full 
scales up to 18,000 volts, in single-, dual 
and triple-range models; (2) instruments 
in 31,” and 4” dial patterns up to 3500 
volts. All are independent of frequency, 
wave form and temperature and may be 
used on a.-c. or d.-c. circuits. 
























Combination Feed W te; Simp! 


Flowmeter and Boiler WV ate; 
Level Indicator Contr 


\ new meter to indicate Northri 
both boiler water level and fe , tested 
flow has been developed by Bai Meter 
Co. for use in boiler plants 
desired to have 
both an indication 
and record of these 
factors on the op- 
erating floor. Com- 
bination meter con 
sists of a standard 
Bailey Fluid Meter 
which indicates, 
records and integ 
rates feed water 
flow and a 12” in 
dicator with a dial 
type seale for boiler 
water level. Indi 
mounted 
directly above me 
ter on a small feed 
water panel as shown. If desired, « 
bination meter can be located 
vidual boiler control panel. For 
of comparison, it is desirab|: 
feed water flow and boiler 
recorded on one chart, codérdir 
to time and interpretable with, 
ence to additional records or « 
Water level being a factor whi 
be frequently checked by operator 
shown on large indicator. ( 
record of water level is said 
ticularly valuable in case of boile: 
small water storage space wher 
due to sudden increase in load n 
slugs of water to be carried int 
heater, or where “shrinkage” duc 
decrease may cause level to d1 
that some tubes may be burned 
event, permanent record helps deter 
causes of faulty operation 
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Range Multiplier 
for Light Meter 


For increasing the range of 
Meter a device is announced 
inghouse Electric & Mfg. Co., « 
of a screen which absorbs nin 
the normal light and transmits | 





neering T,; 
| netru meni 
1934, page 

each 12.5 
mm one ch 
changed ¢ 


the photocell, thus decuplin 
range for measuring higher 

ties. The translucent scre¢ 
the flux reaching the phot: 
altering the effective wavel 
light transmitted, and its n 
dependent of the angle of 

that it corresponds in effe 
stop in a camera. When n 
conveniently clamps over thy 
Light Meter. 
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Simplified Unit-Constructed 
Boiler Control 


The new “Metermax Unit Combustion 
Control developed by the Leeds & 
Northrup Co. is built, assembled, factory 
; id shipped as a unit, ready for 
installation. In 
stallation costs are 
said to be “a quar- 
ter of former fig 
ures.” Metermax 
Control is not es 
sentially new but 
is an improved 
form of the LAN 
Metered Combus 
tion Control. Em 
ployment of elec 
tricity as the power 
medium simplifies 
connections be 
tween panel and 
drive units. Four 
controllers are 
mounted on a 
panel. The Master 
controller connects 
to all boilers and 
balances steam pressure against an air 
loading pressure. The Fuel-feed con 
troller, Air-flow controller, and Furnace 
Pressure controller at each boiler are 
each of the balance type with but one 
moving element, with push-buttons built 
into the case. The only connection be 
tween panel and each drive unit is a 
conduit carrying all control wires. Be 
low the controllers on the panel are the 
fuel-air rheostat, load adjustment valve, 
transfer valve and selector switch—the 
rangement assuring convenience. It is 
said that “Metermax Control” is priced 
to make it available to small boilers, al 
though it includes electric push-button 
control and interlock features heretofore 
issociated only with expensive systems 
designed for the largest boiler units. 


teste€ d 





Direct Pressure Type 
Engine Indicator 


Producing individual pressure - time 
diagrams and applicable to internal 
‘ombustion engines operating at highest 
speeds, new Type V “Research” indicator 
is latest addition to Commercial Engi 





neering Labs.’ series of indicators (see 
Instruments. Dec. 1933, page 233; Feb. 
1934, page 40). A number of diagrams 
each 12.56” long—can be superimposed 
in one chart for comparing effects of 
changed conditions on pressures at any 
pomits in cycle. Pressures below atmos 
pheric ire recorded to a scale of 1 Ib. 
In.“ for ¥/,” chart height, and above at- 
mosphe rie to 1400 Ibs. /in.2 for 2” chart 


S heig pnusat ea . 
ight. Provisions are made for installing 





additional pressure cylinders and trace: 
arms when it is desired to obtain high 
and low-pressure diagrams simultaneous 
ly. Pressure elements are standard units 
in plain or “ignition” types. Among op 
tional accessories are continuous paper 
feed, motor-driven phase-shifter, paper 
feed gears for acceleration studies, 
double-length card attachment, pressure 
volume attachment whereby cards are 
produced which can be integrated with 
ordinary planimeter, ete. 





Micro-projector 

Any available standard 
microscope may be used with the new 
“Model B= Micro-projector” announced 
by Bausch & Lomb. It consists of a 
metal base supporting the microscope 
and light source, a clockwork-feed are 
lamp, a water cell, a mirror, a reflecting 
prism and a metal shield. The are lamp, 
said to be far more efficient for the pur 
pose than any incandescent source, oper 
ates in connection with a rheostat of 
either 414, or 8-amp. capacity, and will 
function on either d.c. or a.c., d.c. being 
preferable. The horizontal microscope 


compound 


supporting plate permits the use of any 
model or make of microscope. A mirror 
is mounted at the proper angle to illumi 





nate the microscope condenser. The re 
flecting prism fits over the microscope 
eyepiece to direct the beam of light, and 
the metal shield prevents stray light 
from reaching the screen. Any compound 
microscope having an Abbe substage 
condenser can be used. For instruments 
not provided with condensers, Bausch & 
Lomb offer an attachable model consist 
ing of a single lens element mounted ir 
a metal sleeve which attaches to the 
undersurface of the microscope stage 
This condenser is suitable for objectives 
of 16mm., 8mm., or 4mm. focus and ean 
be removed when low-power objectives 
of long focus are used. A well-darkened 
room is desirable for best results, a 5 
ft. screen image being possible. Regular 
microscope eyepieces are satisfactory, 
but the special projection eyepiece of 
3x permits a 20-ft. projection distance 
Operation is simple. Knurled 
screws are provided to allow for critical 
centering of the are lamp; the lamp 
condenser is adjustable in a focusing 
sleeve. Once these are in correct position, 
there is little adjustment to make 


headed 





Water Dynamometer 

“Torque” dynamometer announced by 
Torque Products Co. is of hydraulic ab 
sorption type, for measurements of 
torque and horsepower of engines, mo 
tors, turbines, water wheels, speed re 
ducers, brakes, tires, belts, couplings, 
clutches, ete., also for endurance or 
breakdown tests and for breaking-in 
engines. It is claimed that this dyna 





mometer is as smooth and accurate a 
the electrical type, more flexible ind 
considerably lower priced. Both stator 
ind rotor are mounted on annular ball 
bearings. Seale equipment, connected to 
floating stator, measures torque applied 
to rotor shaft, in either direction of ro 
tation. Water consumption i 
Makers state that they have a size and 


inv testing 
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speed to meet requirement 
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ind that operation 1 ' innipole is tur 


in i water faucet 





Carbon Monoxide Alarm 


Said to be the only available device of 
its type, new MSA) Carbon 
\larm announced by Mine Safety Ap 


Monoxice 


pliance Co. gives a warning when CQO 
concentration reaches 0.026; it whic 

point a few hours’ exposure would be 
required to produce first symptoms of 
poisoning. A small fan, direct-connected 
to a 1/80 h.p. motor, pulls in a continu 
ous sample of air at rate of 20 liter pel 
minute through a replaceable filter for 
trapping entrained dust. Air passe over 
electric heater coils and enters a divided 
insulated cell containing active and in 
active “Hopealite,” respectively, in it 


two compartments. CO present is con 
verted into ¢ Oo ith liberation of heat 
in proportion to concentration. Heat lib 





erated is measured by thermocouple ind 
is indicated on a dial graduated from 0 
to 0.02% CO. When pointer reaches the 
0.02% mark, a magnet pulls it against 


a stop-post, which closes the alarm cir 
cuit. Ringing of gong continues until 
pointer is turned back by hand. New de 
vice is built for 24-hr. a day operation, 
consumes 100 watts, is said to reduce 
compensation costs in industrial estab 
lishments. 
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Generator Voltage 
Regulators 


\ complete line of a.-« ind d.-c. ger 
‘ t itage regulators announced by 
the Genera Klectric Co., said to be 

d re nd simple in principle 
ind operation, consists of four types of 
exciter-field rheostatic regulators, al 
fundamental ilike but with desig 
odificeatior uited to application and 
cla of service In all four types, the re 
ire no ibrating contacts, the voltage 
ensitive elemetr hein i form of torque 
motor balanced igainst i spring, nd 


pr 
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Voltage ec ust ng 
2 rheostet 








Copper onde 
Here soatifler | 
Letatnmnneuennnnd 


Gnas 
controlled by generator voltage At any 
ipphied voltage within the range of the 
regulator, the armature of the torque 
umes a corresponding deflection 
torque of the 


motor as 
against — the restoring 
spring. This element then remains mo 
tionless unless a change in voltage occurs, 
in which case a proportional change in 
deflection takes place. In Type GDA and 
GDD, a dashpot linked to the moving 
element prevents oscillation and provides 
dead-beat operation. In Types GF A-4 
ind GFID-2, a magnetic damping device 
performs the same function. Response of 
the torque motor element is fast and pos 
sesses a flat characteristic with respect to 
load, frequency, and temperature. In au 
the new regulators, the regulating system 
remains at rest unless an actual change 
in generator excitation becomes neces 
sary to maintain voltage. The two direct 

icting regulators, Types GDA and GDD, 
employ a 
rheostatic 
element of 
new con 

struction 
which pro 
\ 1 d © Ss a 
smooth 
change in 
resistance 
from zero to 
maximum in 
i great num 

ber of very 
small 
This rheostat 
is small and 
compact and is 
operated direct 
ly by the torque motor through a simple 
linkage. (1) Type GDA _ regulators (il 
lustrated) are for voltage control of 
small- and medium-sized a.-c. generators, 
synchronous condensers, and sy ncehronous 
motors. (2) Type GDD regulators are 
for the control of voltage, speed, or cur 
rent with small- and medium-sized d.-c. 
machines. (3) Type GFA-% regulators 
have high-speed features and are con 
sidered especially suited to the control 


steps 
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f large and important synchronous ma 
hines. Excitation is controlled by auto 
matic adjustment of the exciter field 


rheostat and by high-speed relays which 
cut in or out the entire regulating re 
sistance in the exciter field only in case 
of large changes in voltage. In the I'ype 


GF A-4, the 


i polyphase torque motor responsive to 


volt ive-sensitive element is 


the average voltage of the polyphase 
circuit to which it is connected. Rotating 
cam contacts provide positive mechanical 
inti-hunting independent of exciter volt 
re or electrical characteristics of the 
machine or system under control. The 
complete standard Type GFA-4 regu 
iting equipment consists of the regu 
lator proper, a motor-operated exciter 
field rheostat, with field-reducing resistor, 
relay panel with a normally open ind 
t normally closed high-speed relay, an 
adjusting rheostat, and a transfer switch 
+) Type GED regulator is intended 
for voltage, speed, or current control of 
large d.-c. machines. It is essentially the 
same as the Type GFA-4, except that 
the torque motor is a d.-c. device. It may 
be obtained with or without the high 


speed features. 





Crystal Microphone 

Iixceptionally flat frequency response 
ind elimination of all maintenance ex 
pense are claimed for new “Type G” 
piezoelectric crystal microphone brought 
out by The Turner Co, under Brush De 
velopment Co. patents. Requires neither 
idjustments nor energizing circuit. Crys 
tal is mounted on “a new type of resilient 
material impervious to heat and mois 
ture.” 





Sand Testing Instruments 


The following instruments have been 
brought out by Harry W. Dietert Co 
For Tensile Strength: A tensile specimen 
tube holder bolts to pivot shaft of Type 
Cc.’ P. machine. A hardened steel base 
holds it rigidly during test. The loading 
mechanism is mounted on an aluminum 
frame having 2 hardened studs which 
enter upper and lower test position holes 





of pusher arm of strength machine to 
hold it in position. A steel shaft supports 
the pendulum weight on its lower end. 
On upper end of shaft the load is trans- 
ferred through a bronze ball chain to 
upper half of sand specimen in tensile 
specimen tube which consists of tube 
proper, specimen grip and cup pedestal. 
Specimen grip which holds upper half of 
sand specimen seats itself into the tube 
proper on a self-freeing taper. Cup ped 





estal fits tround bottom ot 
specimen grip in place while 
sand in tube Sand sample 


tensile specimen tube and 1 
pedestal is then removed 

tube is ittached to tensile test 
Sand specimen is loaded by 
vheel of Type ¢ P. streng 
ind recording maximum dry 
reading as grams tensile stre: 


For Transverse Core Stre 





sory consists of a double co 
irm and a single core support 


former is attached to the | 





hile the latter is attached to 


Chace 
is also 
leading 
require! 
able au 
parts a 
changes 
temperé 
is to bi 


Chace * 
is also 
sheets, 
ready | 
The cos 
18 low, 
weight of the strength machine. s or servi 
on double support arm are 1 





is i 
secure alignment with core spec 
load on the core specimen is r¢ 
from the dry shear scale of ¢ 
machine. 

Transverse 
Strength | 
core box con 
sists of: A 
hardened 
steel faced 
tluminum 
Cross head 
with attach 
ing clip for 
rigidly at 
taching 
Cross head 
to plunger of 
sand ram 
mer. A sand 
hopper to 
hold surplus 
of core sand. A 





spring ste¢ 
knife to size core to 1” heig 
part aluminum core box all 
removal of core from = core 
drying plates on which « 
mens are rammed and by 
are han 
baking 
vil for 
port if 
box 
strike oT 
used ti 
sand it 
per. Cor 
med 
equipn 
able f 
search 
test. 

Flow 
cator « 
dial i 
tached 
rami 
stem rests against cross-head 
and registers movement 
plunger between fourth an 
as flowability. 
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Chace Thermostatic Bimetal 
is also used by many other 
leading manufacturers whose 
requirementsdemand depend- 
able automatic operation of 
parts at given temperature 
changes. Where a uniform 
temperature (heat or cold) 
is to be automatically held 
at a pre-determined level 
Chace Thermostatic Bimetal 
is also employed. Sold in 
sheets, strips and in shapes 
ready for your assembly. 
The cost of Chace Bimetal 
is low, there is no up-keep 
or service expense and its 
life is indefinite. 


We invite your inquiries. 


W.M.CHACE 


1609 Beard Avenue 
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+ + + Detroit Mich 
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OUTSIDE ROOMS 


‘2 A DAY 
e AND UP 


EACH ROOM HAS TUB 
AND SHOWER BATH. 





CADILLAC SQUARE 
AT BATES STREET 














Laboratory Condensers for 


High- mete meena 


Variable Air Condensers of the low-loss laboratory 
at prices suited to all communication-frequ 

The General Radio Type 530 Variable Air ¢ 
have moisture-proof Isolantite  insulatior xtra-heay 
frames, thick metal end-plates, adjustable long life co 
bearings and exceptionally low losses (Rw( 1 

L hese condensers ire used in 1 large I hn 
grade laboratory and commercial instruments. Maximum 
capacitance ranges from S00uuf to 2,000 uef. Priced fron 
$10.00 to $15.00 


Full details in Bulletin 936-13. 


1 copy will be sent immediately upon 1 
GENERAL RADIO COMPANY 
30 State Street Cambridge A, Massachusetts 





















ARE YOUR 
INSTRUMENTS 
DEPENDABLE? 





If so, they deserve 


THE BEST RELAYS 


and CONTROL EQUIPMENT 
to go with them 


Let our engineers work with you on your control 
problems. The chances are that a_ standard 
DUNCO Relay will suit your need; if not, we will 
build one to meet your requirements. 
“Write for latest Bulletins” 
“DUNCO MEANS DEPENDABILITY” 


Jp ST. Ni PHILADELPHIA.PA, 
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INSTRUMENTS INDEX 


Devices for Measurement, Inspection, Testing or Control 





AIR METERS Special Rate- Volume 
American Met x General t ‘ 4 ( 
Bailey Meter ¢ General ‘ Fox ‘ 
George Sidne Kir K s th ¢ Refrigeration 
Kristol ¢ s Mfg. ¢ Bristol Company 
Krown It 1 Wa Leow 1 Elec. ¢ | n Ins ent ¢ 
Foxboro \ COIL TESTING EQuIP- P. Friez & Sons, J 
Pioneer It nt MENTS I Instr “nt ¢ 
lay Instr ni ¢ Ger Ele ‘ \\ nit ent 
ALTIME TERS Curman |} ‘ Specific Gravity 
P. Friez & Son In Kn er-s th ¢ Bailey Meter ¢ 
Genera) Electric ¢ r ng Instrument ¢ Tachometer 
aysor Bnetrement Ci COLORIMETERS Bailey Meter Co 
ALTITUDE BAROMETER isch & I Opt Bristol Company 
P. Friez & Sons, In = nera!l Electric ( Brown Instrument Cc 
Taylor Instrument ¢ Thwing Instr ent ¢ Fox ( 
Pioneer Ins nt Cc 


AMME TERS—Indicating 





ANEMOMETERS 


KB Company 
¢ Fi ez & Sons, In 
ra w Instr 
ASPHALT TESTING 
APPARATUS 
raylor Instrument 
ASTRONOMICAL 
INSTRUMENTS 
tausch & Lomb Opt. 
(raertner Scientific Cory 
ATTENUATION NET.- 
WORKS 
General Radio ( 
Ward Leonard El 
AUDIO-FREQUENCY 


iment Cos 


mp oo 


OSCILLATORS 
General Radio Company 
BALANCES 


Roller-Smith ¢ 
BALANCING MACHINES 
General Electric ¢ 
BAROMETERS 
Bristol Company 
P. Friez & Sons, Inc 
Gaertner Scientific Cory 
Taylor Instrument Co 
BATTERY TESTERS 
Roller-Smith ¢ 
Weston Elec. Inst. ¢ 
BEARING TESTERS 
BEATING TESTERS 
I ng Machines, Inc 
a, ELEMENTS 
M «ll ‘ 


sive 


peas INSTRUMENT 
B Meter ¢ 
A ‘ 
Krown It ‘ 
Foxt ‘ 
ra In ent 4 
ne Instr nt ¢ 
BOILER METERS 
‘ n Me ‘ 
Bail Meter ( 
t; sy ney 
BRAKE TESTING. 
METERS 


Rawson Elec. Inst. ¢ 
BRIDGES. ELECTRICAL 
Capacity, 
Resistance, Temperature, 
Wheatstone, Percent 

Ciene hele t ‘ 

Creneral Ra ( 

Roller Smith Co 

Shaller Mf ‘ 

7 wit ment C 
CABLE Teste RS 

R vson ec. Inst. ¢ 

Smith ¢ 


CALORIMETERS 


\ un _ ‘ 

Fi n entifie ¢ 
CAPACITANCE METERS 

General Electr c 

(ieneral Radio ¢ 

Roller-Smith ¢ 


Weston Elec. Inst. ¢ 
CARBON DIOXIDE 
METERS 
Brown Instrument ¢ 
Foxboro Co 
CATHETOMETERS 
(iaertner Scientific Corp 
CHRONOGRAPHS AND 
CHRONOMETERS 
Gaertner Scientific ( orp 
General Electric Co 
General Rad cm 
CLINOMETERS 
CLOCK S—Gage Board 
Brown Instrument Co 
mpany 





Pioneer Instrument Co 
coILs 


Resistance, Inductance, 
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Inductance, Kelvin 


sty oh CONTROL 
EQUIPMENT 
Salley Saeten ‘ 


wn Instrument ¢ 
Pioneer Instrument ¢ 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
Genera ~ egy mpany 
Rawson El Inst. ¢ 
Koller-Smith ¢ 
Shallcross Mfg. ¢ 
COMPARATORS 


Gaertner Scientific ¢ 


General Electric Co 
COMPASSES 


Pioneer Instr ent Cé 
Taylor Instrument Cos 
CONDENSE RS—Electrical 
General Electric Co 

General Radio ¢ 


CONDUCTIVITY METERS 


indicating, Recording, 


Controlling 
Rawson Elec. Inst. Cc 
Roller-Smith Co 
CONTOUR MEASURING 
sree yy ip 
Bauset Lomb 


Cc ONTROLS, AUTOMATIC 
Combustion 


Bailey Meter ¢ 
Condensation 
Bristol ¢ an 
Pas In ! { 
Damper 
Bri ‘ ! 
Brown It ( 
Fox! ‘ 
jj. P. a & Son n 
Pioneer Instru nt ¢ 
Taylor In nt Cos 
Wilbin In nt ¢ 
Feed Water 
American M ‘ 
Bailey Meter ¢ 
Bristol ¢ 
Brown In ( 
Foxboro ¢ 
Filter Rate 
tristol ¢ , 
ir nit nt 
Fox ‘ 
Flow 
\ mn Me ‘ 
hi Meter ¢ - 
I nin nt ¢ 
rox ro ¢ 
Pioneer It ent ¢ 
I It nt ¢ 


Humidity 
Bristol ¢ ny 
Brown Instrument ¢ 
Fox! 
P. Friez & Sons, Inc 
Taylor Instrument Cos 
Humidity & Temperature 
R | Company 
Brown Instrument Co 


P. Friez & Sons, Ir 
rayl Instrument Co 
Wilbin Instrument (« 

— 
m Ele Inst. Corp 
Liquid Level 

t in Meter ¢ 
Ra ley Meter Co 
Br { pany 
tr n Instrument Co 
Foxb » Co 
J. P. Friez & Sons, Inc 
Pioneer Instrument Go 


raylor Instrument Cos 
Pressure & Vacuum 
American Meter ¢ 
talley Meter Co 
Bristol Company 
Brown Instrument ¢ 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
Wilbin Instrument Co 


Pyrometer 
Bailey Meter Co 
Bristol Company 


Brown Instrument Co 
Foxboro Co 

Taylor Instrument Cos 
Thwing Instrument Co 
Wilbin Instrument C 


We n Ele Inst Corp 

Temperature-Time 
Company 

BK wn Inst nent « 

Fox ‘ 

1. . Friez & Sons, Inc 

Pioneer Instrument Co 

Taylor Instrument Cos 

Wilbin Instrument Co 
Thermometer 

Bailey Meter Co 

Bristol Company 


Brown Instrument Co 
Foxboro ¢ 
| P. Friez & Sons, In 


ument Cos 
rument Co 
iment Co 


Taylor Inst 
Thwing In 
Wilbin Instr 
Thermostat 
Bristol Company 
Brown Instrument Co 





z & Sons, Inc 
Pioneer Instrument Co 
Taylo yr Instrument Cos 
Thwing Instrument Co 
Wilbin Instrument Co 

Time 
Bristol Company 
Brown Instrument Cx 
Foxboro Co 

riez & Son Inc 

Taylor Instrument Cos 

Wilbin Instrument Co 


Vacuum 
Ralley Meter ¢ 
Bristol Company 
Brown Instrument C 


Foxboro Co 

Taylor Instrument Cos 
Valve—Motor - Operated 

Bristol Company 

grown Instrument C¢ 

Foxboro Co 

Taylor Instrument Cos 

Wilbin Instrument Co 
Voltage A. C 

Ward Leona Elec. ¢ 
Water Level 

American Meter ¢ 

talley Meter ¢ 

Bristol Company 

Brown Instrument Ce¢ 

Foxboro Co 


I P. Friez & Son Ir 
Pioneer In iment Cc 
Tay! Instrument Cos 


COUNTERS—Magnetic 


Thwing Instrument Co 


Revolution 
Bristol ¢ pany 
Brown Ir ment ¢ 
Pioneer Instrument ¢ 
Stroke 
tri ( pany 


owas nny BOTTLes 


meric 


Cc URRENT RECORDERS 


a a CONTROLLERS 
| Company 
cveLe COUNTERS 
General Radio Co 
DEMAND METERS 
Gas 
Foxboro ¢ 
Electric: Indicating, Re- 
cording, Printing 
General Electric Co 
DIMMERS 
Ward Leonard Elec. Co 
DIVIDING MACHINES 


Gaertner Scientific Corp 


DRAFT GAGES—See Gages 


DYNAMOMETERS 
General Electric Co 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 

EARTH CURRENT 

METERS 
Rawson Elec. Inst. Co 
Roller-Smith Co 

ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 

ELECTRIC WAVE 

FILTER SECTIONS 
General Radio Company 


ELECTRONIC METERS 
El ic Co 


FAULT FINDERS 

Roller-Smith Co 

Weston Elec. Inst. ¢ 
FIELD RHEOSTATS 

Ward Leonard Elec. ¢ 
FLASH & BURNING 

POINT TESTERS 

Taylor Instrument Co 
FLOW METERS 
indicating 

Bailey Meter ¢ 

George Sidney Binckley 

Brown Instrument Co 

Pioneer Instrument ¢ 
Indicating & Recording 

American Meter ¢ 

Bailey Meter Co 

George Sidney Binckley 

Brown Instrument Cc 

Foxboro Co 

Pioneer Instrument Co 

Taylor Instrument Cos 
integrating & Recording 

American Meter Co 
FLUE GAS ANALYZERS 

Brown Instrument Co 
FLUXMETERS 

Rawson Elec. Inst. Co 
FOLDING. ENDURANCE 

TESTERS 

Testing Machines, Inc 
FOOT-CANDLE METERS 

Weston Elec. Inst. Corp. 
FREENESS TESTERS 

Testing Machines, Inc 
FREQUENCY METERS 
Indicating 

General Electric Co 

Roller-Smith Co 

Weston Elec. Inst 
Recording 

Bristo! Company 

General Electric Co 
Standards 

General Radio Co 
FRITTED GLASS 

Fish-Schurman Corp 


Corp 


Recordin Distance 


| Meter ¢ 
Bristol Compar 
B wn Inst ent ¢ 
|. P. Friez & Son In 
Pior instru mt ¢ 
fayl Inst mt 
Strain 
Gene I c 4 
Vacuum 
General Ek ( 
Tayl Ir ent ¢ 
Volume 
American Meter ¢ 
Brown Inst ent ¢ 
Foxboro ¢ 
Wind 


Bristol Company 
grown Instrument Cc 
J. P. Friez & Sons, Inc 
GALVANOMETERS 
American Meter Co 
Brown Instrument ( 
Genera! Radio Co 
Rawson Elec. Inst. C¢ 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Weston Elec. Inst. Cory 
Mirrors 
Fish-Schurman Cory 
GAS —— 
MET 
Electrical 
Brown Instrument Co 
GAS FLOW INDICATORS 
American Meter Co 
George Sidney Binckley 
GAS LEAK INDICATORS 
Taylor Instrument Cos 
GAS-METERS 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrufment Co 
Foxboro Co 
Dry Test 
American Meter Co 
West Test 
American Meter Co 





























INDUCTANCES 
Gener R 


INSTRUMENT 


TION AND 
J. P. Friez ¢ 
tawsor 
Roll Ss 
Weston I 
INSTRUMENT 
FORMERS 
Genera! |} 
Roller-8 
We n tk 
Split Core 
Roller-S 
INSULATION T¢ 
EQUIPMENT 
General Ele 
Roller-Sr 


INTERFEROME 
Gaertner S 
KEYS AND Sw HES 

General R 
LABORATORY A 
Fish-Schurr 


LABORATORY RHEO 
STATS 


PARATUs 


General Rad 
Ward Leon 
LACTOMETERS 
Taylor lr 
LENSES 

Bausch & I 
LEVELS 
Engineer's, Wye 
Prism 

Taylor In 
LIGHT SOURCES 

Fish-Schurt 
LIQUID LEVEL 

RECORDERS 

American Me 

Bailey Meter ( 

George Sidn 

Bristol Com, 

Brown Instr 

Foxboro ¢ 

tm ‘ 

Pioneer Inst 

Taylor In 








Instrument Fuses, also Auto Radio, Hi a! 
Potential 
Send for catalog 
LITTELFUSE LABORATORIES 

4513 Ravenswood Ave. 


Aircraft, Neon 








Fuses and 


Chicago ‘i 





FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co 

GAGES 

Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 

Differential Pressure 
sailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Foxboro (< 
Pioneer Instrument Co 
Taylor Instrument Cos 

Draft 
Saile y Meter Co 
sristol Company 
Brown Instrument Co 
Foxboro Co 
1. P. Friez & Sons, In 
raylor Instrument Cos 


Sausch & Lomb Opt. ¢ 


> 


rican Meter ¢ 
Sailey Meter Co 
George Sidney Binckley 
Brown Instrument (« 
Liquid Level 
American Meter Cc 
Bailey Meter Co 


Bristol Company 
Brown —_ ment C¢ 
Foxboro C 

1. P. Friez & Son Ink 


Pioneer Instrument Co 
Taylor Instrument Cos 
Paper Thickness—Con- 
tinuous 
Thwing Instrument C 
Pressure 
American Meter (<¢ 
Bailey Meter Co 
Bristol Company 
Brown Instrument C 
Foxboro Co 
Taylor Instrument Cos 
Pressure- Temperature 
tailey Meter (Co 
bristol Company 
Brown Inst rument (C< 
Foxbor« 
Taylor Instr ment Cos 
Pressure & Vacuum 
Bailey Meter (« 
Bristol Company 
Brown Instrument ¢ 
Foxboro ¢ 
Taylor Instrun 
Rain 
1. P. Friez & Sons, Inc 
Taylor Instrument Cos 


ent Cos 


GOVERNORS 
Pressure 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 
Pump 
Bailey Meter Co 
Taylor Instrument Cos 
GRAVITOMETERS 
American Meter Co 
George Sidney Binckley 
Thwing Instrument Co 
GROUND DETECTORS 
Roller-Smith Co 
Weston Elec. Inst. Corp 
HARDNESS TESTERS 
Testing Machines, Inc 
HIGH FREQUENCY 
APPARATUS 
General Radio Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Weston Elec. Inst. Corp 
HIGH VOLTAGE 
—. 
ler-Smith Co 
Shall ross Mfg. ¢ 
West mn Elec In Cory 
Measuring Devices 
General Electric ¢ 
Roller-Smith Co. 
Shallcross Mfg. Co 
Weston Elec. Inst. Corp 
Testing Devices 
General Electric Co 
HOUR COUNTERS 
Weston Elec. Inst. Cory 
HUMIDITY CON.- 
TROLLERS 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
sristol Company 
Brown Instrument Co 
Foxboro Co 
1.P. Friez & Sons, Inc 
Taylor Instrument Cos 
Thwing Instrument C¢ 
HYDROMETERS 
Taylor Instrument Cos 
HYGROMETERS 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
ILLUMINOMETERS 
Weston Elec. Inst. Co 


INDICATORS—-See Gages 















MAGNETIC INSPECTORS 
Kurman 
MAGNETIC RELAYS 
J. P. Friez & Sons 

Kurman El 
af Sr 


MAGNETOMETERS 
Roller-Sn 

MANOMETERS 
Sailey Meter 


George Sidr 


MASTER CLot KS 
Gaertner 8 
General I 

MEGOHMMETERS 
bes ra R 
Ro Ss 

MEGOHM ‘VOLT METER 


West n | 
gi one ply 
Genera 


Weston I 


MICROMETE! . 
Gaertne 
Testing M 

MICROSCOPE 

——, 

Brinell” 
Gaer 

Measuring 
Bausch & 
Gaer 

letalloaranhi 
Sausch & 

Petrographical! 
Baus « 

MICROTOMES 


sausc X 


ga vy tl RS 


Bri ( 


Nam 


Thwing Ir 
Weston I 


Add: 


——— 





AMERICAN 





INSTRI 
778 Girard Street, N. W., 


HEATERS, IMMERSION 


Lengths 3 to 11 feet; Rating 50 to 1500 watts 
MENT COMPANY? n¢ 
Washington 








FLEXIBLE 
SHEATHED 
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Table of Nuclear Transformations 
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Use of the Rotary Voltmeter for Measure 
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Note on Toluene Regulators 
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WILBUR B. DRIVER CO. 


formerly 
oo WIRE ei) 
NEWARK, N. J. 


Solicits Inquiries for 


““CUPRON” 


(CONSTANTAN TYPE) 


THERMOCOUPLE 
WIRE 


HIS wire is held to the strict 
calibration of standards now in 
use. 


Where iron leg of couple is off 
the standard curve “CUPRON” 
can be matched to produce the 
millivolt values of standard 
curves. 
































uartz Spectrograph 





The L250-W Quartz Spectrograph is of improved design with wide 
angular aperture (F7.7 in ultra violet) for the range of 1850 to 8000 
angstroms. The optical system consists of a Cornu Prism and two care 
fully corrected quartz lenses of 25mm aperture. Provided with a cali 
brated symmetrical slit with stainless steel jaws and a slid'ng shutter 
for comparison spectra. A wavelength scale with safety illuminating 
device makes possible the rapid interpretation of the spectrogram. A 
standard 3'/,”x41/,” plate is used. 

This design of Spectrograph is distinguished by its freedom from 
stray reflected light and from selectivity. 


COMPLETE DETAILS ON REQUEST 


The Gaertner Scientific Corp. 


1211 Wrightwood Ave. : Chicago, U. S. A. 
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MIRRORS 
Bausch & Lomb Opt. Co 
MODULATION METERS 
General Radio Co 
Weston Elec. Inst. Corp 
MOISTURE METERS 
MOTION RECORDERS 
Mechanical 
Bristol ¢ 
Foxb ( 
MOTOR-GENERATORS 
Holtzer-Cabot Elec. Co 
MOTORS 
Special Fractional HP 
Holtzer-Cabot Elec. Co 
Synchronous 
Holtzer-Cabot Elec. Co 
st STARTERS 
P. Friez & Sons, Inc. 
Rio hes Smith Co 
Ward Leonard Elec. Co. 
MULTIMETERS 
Rawson Elec. Inst. Co 
Shallcross Mfg. Co 
MULTIPLE PEN 
RECORDERS 
Bristol Company 
Foxboro Co 
MULTIPLIERS 
General Electric Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
NOISE MEASURING 
SETS 


mpany 


General Radio Co 
OHMMETERS 

General Electric Co 

Rawson Elec. Inst. Co 

Roller-Smith Co 

Shallcross Mfg. Co 

Weston Elec. Inst 
OIL TESTING 

APPARATUS 

J. P. Friez & Sons, Inc 

General Electric Co 

Taylor Instrument Cos 
OPERATION RECORDERS 

J. P. Friez & Sons, Inc 

Roller Smith Co 
Electrical 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Roller-Smith Co 

Taylor Instrument Cos 

Thwing Instrument Co 
OPTICAL FILTERS 

Fish-Schurman Corp 
OPTICAL GLASS 

ish-Schurman Corp 

OPTICAL PARTS 

Bausch & Lomb Opt. Cx 

Gaertner Scientific Corp 
ORIFICE METERS 
Indicating & Recording 

American Meter Co. 

Bailey Meter Co 

George Sidney Binckley 

Brown Instrument Co 

Foxboro Co 
Integrating 

American Meter Co. 
ORIFICES, ADJUSTABLE 

American Meter Co 

Bailey Meter Co 
OSCILLATORS 

General Radio Co 

Weston Elec. Inst 
OSCILLOGRAPHS 

General Electric Co 

General Radio Co 
Automatic 

General Electric Co 
Cathode Ray 

General Electric Co 

General Radio Co 


Corp 


Corp 


PANTOGRAPHS 
Gaertner Scientific Corp 
PERISCOPES 
Gaertner Scientific Corp 
PERMEAMETERS 


General Electric Co 
PHCTO-ELECTRIC CELLS 
General Electric Co 
Kurman Electric Co 
Weston Elec. Inst. Corp 
PHOTO-ELECTRIC 
COLOR ANALYZERS 
Genera! Electric Co 
Thwing Instrument Co. 
ro te thn 
LOR COM. 
PA RATORS 
General Electric Co 
Thwing Instrument Co 
PHOTOGRAPHIC EXPOS- 
METERS 


URE 
Weston Elec. Inst. Corp 
PHOTOMETERS 


Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
PHOTO-MICROGRAPHIC 

EQUIPMENT 
Bausch & Lamb Opt. Co 
PITOT TUBE METERS 
George Sidnew Binckley 
Brown Instrument (« 
Foxboro Co. 
!.P. Friez & Sons, Inc 


PLANIMETERS 
Automatic Flow Record 
Brown Instrument (x 


Foxboro Co 
Linear : 

Brown Instrument (¢ 
Radial 


Bailey Meter Co. 

Bristol Company 

Foxboro Co 
Square Root 

George Sidney Binckley 

Foxboro Co 
POLARISCOPES 

Gaertner Scientific Corp 
POSITION RECORDERS 

Brown Instrument Co 

Bristol Company 

Foxboro Co 

Taylor Instrument Cos 
POTENTIOMETERS— 
Indicating 

Brown Instrument Co 

General Electric Co 

Thwing Instrument Co 
Recording & Controlling 

Brown Instrument Co 

Thwing Instrument Co 
POWER FACTOR METERS 

General Electric Co 

Roller-Smith Co 

Weston Elec. Inst. Corp 
PRESSURE RECORDERS 

American Meter Co 

Bailey Meter Co 

George Sidney Binckley 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Taylor Instrument Cos 
PRISMS 

Gaertner Scientific Corp 
PROCESS TIMING & 

SIGNALING IN- 
STRUMENTS 
Bristol Company 
Brown Instrument Co 


Foxboro Co 

Taylor Instrument Cos 
PROVERS 

American Meter Co 
PSYCHROMETERS 
Recording 


Bristol Company 
Brown Instrument Co 
xboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Sling 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
PYROMETERS 
Optical 
Pyrometer Instrument Co 
Radiation 
Indicating 
Brown Instrunent Co 
Pyrometer Instrument Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Recording 
Brown a Co 
Pyrometer Instrument Co 
Taylor Instrument Cos. 
Thwing Instrument Co 
Thermo-electrie 
Immersion 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Pyrometer Instrument Co 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Wilbin Instrument Co 
Indicating 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Wilbin Instrument Co 
Recording and Controlling 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos 
Thwing Instrument Co. 
Wilbin Instrument Co 
Surface Contact 
Bristol Company 
Brown Instrument Co 
Pyrometer Instrument Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 
PYROMETER CALI- 
BRATING SETS 
Thwing Instrument Co 
RADIATION TUBES 
Pyrometer Instrument Co 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp 
RADIO TEST PANELS 
Shallcross Mfg. Co 
Weston Elec. Inst. Corp 
RADIO TUBE CHECKERS 


Weston Elec. Inst. Corp. 
REGULATORS—See 
Controls 
RELAYS 
J. P. Friez & Sons, Inc. 


Kurman Electric Co 
Roller-Smith C¢ 
Ward-Leonard Elec. Co 
Weston Elec. Inst. Corp 
Light Sensitive 
Kurman Electric Co 
Roller-Smith Co 
Weston Elec. Inst. Corp 
REMOTE METERING 
EQUIPMENT 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
General Electric Co 
Pioneer Instrument Co 
RESISTORS 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. C 
Ward Leonard Elec. Co 
Shee 
ish-Schurman Corp 
mpaunaee 
General Radio Company 
Ward Leonard Elec. Co 








SACCHARIMETERS 
Taylor Instrument Cos 
SCALES 


Gaertner Scientific Corp 
Basis Weight 
Testing Machines, Inc 
Thwing Instrument Co. 
Differential 
Thwing Instrument Co 
SHUNT METERS 
Bristol Company 
Roller-Smith Co 
SHUNTS 
General Electric Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Weston Elec. Inst. Corp 
SIGNALING DEVICES— 
Automatic 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Pioneer Instrumant Co 
SMOKE ALARMS 
Weston Elec. Inst 
SPECIAL COILS 
Ward Leonard Elec. Co 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
General Electric Co 
General Radio Co 
Kurman Electric Co 
Pioneer Instrument Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co 
Weston Elec. Inst. Corp 
SPECIAL INSTRUMENTS 
J. P. Friez & Sons, Inc 
Roller-Smith Co 
Thwing Instrument Co 
SPECTROGRAPHS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPECTROMETERS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPECTROPHOTOMETERS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPECTROSCOPES 
Bausch & Lomb Opt. Co. 
Gaertner Scientific Corp 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
Thwing Instrument Co. 
SPEED REGULATORS 
Ward Leonard Elec. Co. 
STANDARD CELLS 
Weston Elec. Inst. Corp. 
STRAIN GAGES 
General Electric Co. 
STROBOSCOPES 
General Radio Co. 
SUNSHINE RECORDERS 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos. 
SURGE INDICATORS & 
RECORDERS 
General Electric Co. 
SYNCH RONOSCOPES 
Weston Elec. Inst. Corp. 
Roller-Smith Co 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co 
SYNCHRONOUS Rovers 
General Electric C 
Pioneer inctrement Co 
TACHOMETERS 
Batley Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Roller-Smith Co 
Thwing Instrument Co 


Corp. 





Pioneer Instrument Co General Electric Co Weston Elec. Inst. Corp 
Operate on 4 ma. at 3 v.; Break 1000 watts a-c. 

AMERICAN INSTRUMENT COMPANY, INC. 
778 Girard Street, N. W., Washington, D. C 
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THERMO COUPLES 


Standard and Special Thdans 


CLAI 


For all Standard 
makes of Pyromet: 


Ds. GORDO? 
Cleveland-Ind 


me 3 





TACHOSCOPES 
Brown Instrument Co 

TELEMETERS—See 
Remote Metering 


TELESCOPES 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
TENSOMETER (Huggen- 
burger) 


TESTING MACHINES 
Testing Machines, Inc 
Thwing Instrument Co 

Bending 
Testing Machines, Inc 

Hardness 
Testing Machines, Inc 

Impact 
Testing Machines, Inc 

Impact (very light load) 
Testing Machines, Inc 
Thwing Instrument Co 

Magnetic 
Kurman Electric Co 


Paper 

Testing Machines, Inc 

Thwing Instrument Co 

Penetration 

Thwing Instrument Co 
Stiffness & Bending 

Testing Machines, Inc 

Thwing Instrument Co 
Stretch 

Testing Machines, Inc 

Thwing Instrument Co 
Tearing 

Testing Machines, Inc 

Thwing Instrument Co 
Tensile (very light load) 

Testing Machines, Inc. 

Thwing Instrument Co 
Universal 

Testing Machines, Inc 


THERMIONIC RECTI- 
FIERS 
General Electric Co 


THERMO-JUNCTIONS 
(Electric) 
General Radio Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Wilbin Instrument Co 
THERMO-VOLTMETERS, 
METERS 
General Radio Company 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Weston Elec. Inst 
THERMOMETERS 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
Gas Filled 
Foxboro Co 
Taylor Instrument Cos 
Mechanical 
Brown Instrument Co 
Foxboro Co 
Mercurial 
Bristol Company 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Resistance 
Brown Instrument Co 
Foxboro Co 
Thwing Instrument Co 


Vapor-Tension 

Bristol] Company 

Brown Instrument Co 

Foxboro Co 

Taylor Instrument Cos 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co 

Foxboro Co. 

J. P. Friez & Sons, Inc 

Taylor Instrument Cos 

Thwing Instrument Co 
THERMOSTATS 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

J. P. Friez & Sons, Inc 

Taylor Instrument Cos 

Wilbin Instrument Co 
THERMOSTATIC 

BIMETAL 

W. M. Chace Valve Co 
TIME METERS 

General Electric Co 

Weston Elec. Inst. Corp 
TIME OPERATION 

RECORDERS 

Bristol Company 

Foxboro Co 

J. P. Friez & Sons, Inc 
TIME RECORDERS 

Bristol Company 

Brown Instrument Co 

Foxboro Co 

Gaertner Scientific Corp 
TIME SWITCHES 

Genera! Electric Co 
TIMERS 

Rawson Elec. Inst. Co. 
TIMING DEVICES 

General Electric Co. 


Corp 


TOTALIZING 
INSTRUMENTS 
American Meter Co 
General Electric Co 
TOTALIZING RELAYS 
Electric 
General Electric Co 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co 
TRANSFORMERS 
(Instrument) 
General Electric Co 
General Radio Co 
Roller-Smith Co 
Weston Elec. Inst 
TRANSITS 
Pocket 
Taylor Instrument Cos 
TUNING FORKS— 
Electrically Driven 
Gaertner Scientific Corp 
General Electric Co 
General Radio Co 
TURBIDIMETERS 
Bausch & Lomb Opt. Co. 
U-TUBE MANOMETERS 
Bailey Meter Co 
Brown Instrument Co. 
Taylor Instrument Cos 
VACUUM RECORDERS 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
VACUUM TUBE BRIDGES 
General Radio Company 
VACUUM TUBE RELAYS 
VACUUM TUBE 
VOLTMETERS 
General Electric Co 
General Radio Co 
Rawson Elec. Inst. Co 
VALVES 
Automatic Shut-Off 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Wilbin Instrument Co 
Back Pressure 
American Meter Co 
Balanced 
Bailey Meter Co 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Blow-off 
American Meter Co. 
Diaphragm 
Bristol Company 
Foxboro Co 
Taylor Instrument Cos 
Differential 
American Meter Co. 
Electrically Operated 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc. 
General Electric Co 
Taylor Instrument Cos. 
Wilbin Instrument Co 


Corp 


Motor Operated 
Bristol Cx 
J. P. Friez & s 
Wilbin Instr 
Pressure Relief 
American Met 
Proportional Air. 
American Met: 
Reducing 
Bailey Meter ( 
Taylor Instru 
Reguiating 
American Met« 
Bailey Meter ( 
Bristol Co 
Brown Instru 


J. P. Friez & § 
Taylor Instr 
Wilbin Instru 
VENTURI METERS 
Bailey Meter ( 
George Sidney 
Brown Instr 
Foxboro Co 
Pioneer Instr 
VISCOSIMETERS 
George Sidney Binckley 
P. Friez & Sons In 
Tayl yr Inst I 
VOLTAGE DIVIDE RS 
General Rad 
Ward Leonard Elec 
VOLT-AMMETERS 
General Ele 
Roller-Smit 
Weston Elec. | 
VOLTMETERS 
Electrostatic 
General Elect 
Rawson Ele 
Roller-Smit 
Indicating 
General FE! 
General R 
Rawson Elec. J 
Roller-Smith ( 
Weston Ele I 
Recording 





Roller-Smit} 
Thermionic Rectifier 
General Rad 
WATER METERS 
Bailey Meter 
George Sidney } 
Brown Inst 
Foxboro Co 
WATTHOUR ME TERS 
General Elect 
WATTMETERS 
Indicating 
General Elec 
Rawson El 
Roller-Smit 
Weston Ele 
Recording 
Bristol ¢ 
General Ele 
Roller-Smith ¢ 
WAVEMETERS 
General Ra 
X-RAY SPEC T ROMETERS 
Bausch & I Opt 
Gaertner Scientific ( 





ADVERTISERS’ INDEX 


Alpha-Lux Co., Inc. 
American 
American Meter Co. 
Bailey Meter Co. 
Barlum Hotel 


Bausch & Lomb Optical Co. 


Instrument Co. 


Page 
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Binckley, George Sydney 

Bristol Co., The . Outside Back Cover 
Brown Instrument Co. A 
Chace Valve Co. ‘ AS 
Driver Co., Wilbur B. Ai 
Electric Controller & Mfg. Co. Inside Back Cove 
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Gaertner Scientific Corp. Ar 
General Radio Co. AD 
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litinois Testing Laboratories, Inc 

Kurman Electric Co. w 
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Pioneer Instrument Co. ” 
Pyrometer Instrument Co. “ 
Rawson Electrical Instrument Co. : 
Review of Scientific Instruments A 
Roller-Smith Co. ins Ly 
Standard Electric Time Co 

Struthers Dunn, Ine. A 
Testing Machines, Inc. 

Thwing Instrument Co. 

Trofimov School of Inventive Practice : 


Westinghouse Elec. & Mfg. Co. 
Instrument Corp 


Weston Electrical 
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Send NOW 
For Your Copy of 
New 
Roller-Smith 
CATALOG 


Covering Six Different 
Kinds of 


RESISTANCE 
MEASURING 
INSTRUMENTS 


Catalog J-123-9 


The line comprises instruments for measuring 1 
/ a | ; , 
CUSU ? sistance over a range of .02 to 2 million ohms, al 


for making continuity tests and for checking th 





conductivity of rail bonds 


| aper Opacity | OLLER-SMITH COMPAN 


Electrical Measuring and Protective Apparatus 


aS 
MAIN OFFICE qn) WORKS 
| 2132 Woolworth Bidg., New York - Bethlehem, Pa 


77 fad d , 
CCH] “i ( : SALES AGENCIES IN PRINCIPAL CITIES IN U.S.A. AND CANADA 


Paper manufacturers who want to 
































produce a thoroughly uniform prod- an 9 
uct need the B& L Opacimeter. With | NE Ww « 
this instrument, especially designed | EC&M AUTOMATIC REPEAT 
for the paper industry, you can meas- | 
“7 ure accurately the opacity of paper | PROCESS 
in terms of contrast ratio and print- | TIMER ki Fe 
x ing opacity. | ‘2 oe 
Page { rad 7 oF ming) co 
oe This Opacimeter checks accurately | e 
a with the Bureau of Standards Visual | 
i Instrument. One set of readings will mn on 
‘cor Gives a Definite 
give you more accurate results than | ‘iis id 
k Cove . ee an | Time-On 
the present official instrument. The | d 
' | an 
a accuracy is the same regardless of | — . 
. : 5 Time-Off 
. the degree of opacity. 
- ; . - | repeated automatically as o%, as desired . 
i if Complete details on request. Write to This new EC&M nt trical device 
Aa a : 7 ¢ machines either for running nduran test t juipment i bora 
- Bausch & Lomb Optical Co., 615 St. Se ee ee ee ee 
e Paul Street, Rochester, N. Y. DB eer ere Ay heap tb gedlnaae niger ge Rend Rag, Bese liane am 
At # speeded up the ‘2 EC&M Prod Four standard sizes of 
64 4 } Timers are availabl ering a range of 7.6 seconds; the smalle 
68 = size giving a maximum speed of perations per minute. Fill in, t 
‘ | day ap onvenient coupon below for complete informatior 
« au | | + THE ELECTRIC CON TROLLER AND MEG. CO. | 
- } 4 2700 East 79th St., Cleveland, Ohio ; 
1 Gentlemen 
~ S We Make Our Own Glass to For Your Glasses, Insist on | ' Please — me complete information on an EC&M Process Timer ; 
Insure Standardized Produc- B @ L Orthogan Lenses and | ; pactbscenulacanss . 
€ tion B @ L Frames | oe | 
a i asc eeeeeeilaadniateseneneasasahammnabshiipaien de tchananeinuce ocacarardl 
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ONE ¢s inexpensive, |OTHER 2s thermometer 


easy to handle, stmple of scientific accuracy | 


3OTH OF BRISTOLS QUALITY 














Volu 


ee 















ail 
a 
j 
YIMPLE, inexpensive, easy to handle and read, it can quickly and inexpensively be replaced b 5 
; : } : 
. J Bristol’s popular mercury-in-glass Stem another. Installed at any convenient centra 4 
Thermometer reflects the high standards of work- headquarters, this Electric Thermometer can bx 
manship to which it is made. used to indicate the temperatures at any numbe: 3 
ry 
of distant points. 
However, it 1s a stem thermometer, and as such = 
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Bristol’s new Electric Thermometer also is of arms (two of which are equal, a third which 
the indicating design. Of delicate sensitivity, it is tance of the bulb at the highest scale temperature, a we 
: : eae anes 
sae ? which 1s qual to the resistance f the bulb ; sr 
precision device conforming to the highest re- — ee , (i 
» . ts temperature ), togethe r with | 5) a batterv, 6) a star ae na ae 
quirements of accurac\ . Standardization at proper . 7 \ \ ee Fae : 
stat, and (7) a double throw switch for substitu ¢ 
intervals keeps accurac\ permanently constant. the fourth bridge resistance arm. 3 
Abowe, left: Bristol’s Industrial Stem Thermometer. |! & eo 
° ° ) 
lhe measuring elements or resistance bulbs are ranges from -40° to 1000°F. With plain or red : 


3 


9 RAB SP, 


interchangeable. If one is accidently destroyed, — thread, union connection, or socket design; 


rear oblique, right side and left side angle forms. A 
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ring top, ring handle top, or adjustable stem handle 


j trated guard or plain bulb, 
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